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FOREWORD 


This  report  describes  a  computer  program  developed  at  the  Douglas 
Aircraft  Division  of  the  McDonnell  Douglas  Corporation,  Long  Beach, 
California.  The  development  of  the  Douglas  Arbitrary-Body  Aero¬ 
dynamic  Computer  Program  was  started  in  1964  and  greatly  expanded 
in  subsequent  years  under  sponsorship  of  the  Douglas  Independent 
Research  and  Development  Program  (IRAD).  From  August  1966  to 
May  1967  the  program  development  was  continued  under  Air  Force 
Contract  No.  F336 1S67-C-1008.  The  product  of  this  work  was  the 
Mark  II  version  of  the  program  as  released  for  use  by  government 
agencies  in  May  1967.  Between  1967  and  1 96 b  further  Douglas  IRAD 
work  and  another  Air  Force  Contract  (F336 1 5 -67-C1602)  produced  the 
Mark  III  Hypersonic  Arbitrary-Body  Program.  The  latest  version  of 
the  program  as  presented  in  this  report  is  identified  as  the  Mark  IV 
Supersonic-Hypersonic  Arbitrary-Body  Computer  Program  and  was 
prepared  in  the  period  of  1972-73  under  Air  Force  Contract  F33615- 
72 -C- 1675.  This  conti act  was  administered  by  the  Air  Force  Flight 
Dynamics  Laboratory,  Flight  Mechanics  Division,  High  Speed  Aero 
Performance  Branch.  The  Air  Force  Project  Engineers  for  this  study 
were  Verle  V.  Bland  Jr.  .  and  Captain  Hugh  Wilbanks,  AFFPL/FXC, 

At  the  Douglas  Aircraft  Company,  this  work  was  conducted  under  the 
direction  of  Mr.  Arvel  E.  Gentry  as  Principal  Investigator.  A  number 
of  major  parts  of  the  new  program  were  prepared  by  Mr,  Douglas  N. 
Smyth.  Mr.  Wayne  R,  Oliver's  work  in  applying  the  various  versions 
of  this  program  to  practical  design  problems  contributed  both  in  pro¬ 
gram  design  and  in  program  validation.  A  number  of  other  people 
contributed  to  the  various  phases  of  this  work  for  which  the  authors 
are  grateful. 

This  report  was  submitted  by  the  a  thors  in  November  1973. 

This  technical  report  has  been  reviewed  and  is  approved. 


PHILIfl  p.  antonatos 

Chief/  Flight  Mechanics  Division 

Air  Force  Flight  Dynamics  Laboratory 


ABSTRACT 


This  report  describes  a  digital  computer  program  system  that  is 
capable  of  calculating  the  supersonic  and  hypersonic  aerodynamic 
characteristics  of  complex  arbitrary  three-dimensional  shapes. 
This  prog2’am  Is  identified  as  the  Mark  IV  Supersonic-Hypersonic 
Arbitrary-Body  Computer  Program.  This  program  is  a  com¬ 
plete  reorganization  and  expansion  of  the  old  Mark  III  Hypersonic 
Arbitrary-Body  Program.  The  Mark  IV  program  has  a  number 
of  new  capabilities  that  extend  its  applicability  down  into  the 
supersonic  speed  range. 

The  outstanding  features  of  this  program  are  its  flexibility  in 
covering  a  very  wide  variety  of  problems  and  the  multitude  of 
program  options  available.  The  program  is  a  combination  of 
techniques  and  capabilities  necessary  in  performing  a  com¬ 
plete  aerodynamic  analysis  of  supersonic  and  hypersonic  shapes. 
These  include:  vehicle  geometry  preparation;  computer  graphics 
to  check  out  the  geometry;  analysis  techniques  for  defining 
vehicle  component  flowf’eld  effects;  surface  streamline  computa¬ 
tions;  the  shielding  of  one  part  of  a  vehicle  by  another;  calculation 
of  surface  pressures  using  a  great  variety  of  pressure  calculation 
methods  including  embedded  flow  field  effects;  and  computation 
of  skin  friction  forces  and  wall  temperature. 

Although  the  program  primarily  uses  local-slope  pressure  calcu¬ 
lation  methods  that  are  most  accurate  at  hypersonic  speeds,  its 
capabilities  have  been  extended  dowu  into  the  supersonic  speed 
range  by  the  use  of  embedded  flow  field  concepts.  This  permits 
the  first  order  effects  of  component  interference  to  be  accounted 
for. 

The  program  is  written  in  FORTRAN  for  use  on  CDC  or  IBM 
type  computers. 

The  program  is  documented  in  three  volumes.  Volume  I  is  pri¬ 
marily  a  User’s  Manual,  Volume  II  gives  the  Program  Formulation, 
and  Volume  HI  contains  the  Program  Listings. 
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SECTION  I. 


IN i RO DUCT ION 


The  program  described  In  thit  manual  is  identified  as  the  Mark.  IV 
Mod  0  Version  of  the  Supersonic-Hypersonic  Arbitrary-body  Aerodynamic 
Computer  ’’rogram.  This  computer  program  consists  of  several  major 
program  components  controlled  by  an  executive  main  program.  The 
program  components  are  designed  to  provide  the  user  with  a  complete 
geometric  description  oi  a  vehicle  shape  in  a  form  useful  to  the 
computer,  computer  graphics  to  check  out  the  geometry  data,  analysis 
echniques  for  defining  vehicle  component  flow  field,  effects,  surface 
str  omllne  computations,  the  shielding  of  one  part  of  a  vehicle  by 
anotaer,  calculation  of  surface  pressures  using  a  great  variety  of 
pie  sure  calculation  methods  including  embedded  flow  field  effects, 
an.  computation  of  skin  friction  forces  and  wall  temperature  using 
b  ).  i  an  elemental  simple  method  (old  Mark  III)  ai  d  an  integral 
a  itt.I.ysis  along  calculated  streamlines.  Together,  these  components 
provide  the  necessary  capabilities  for  performing  all  of  the  tasks 
required  in  the  preliminary-design  aerodynamic  analysis  of  hypersonic 
shapes.  With  the  use  of  embedded  flow  concepts  the  programs  capabilities 
are  also  extended  down  into  the  supersonic  speed  region  where  component 
im reference  effects  become  important. 

This  computer  program  is  written  in  FORTRAN  for  use  on  CDC  computers. 

A  small  conversion  routine  is  also  furnished  that  will  automatically 
convert  the  program  for  use  on  the  IBM  scries  of  computers.  On  the 
CD'  computers  the  program  will  operate  in  less  than  120K  octal  words 
of  storage.  On  the  IBM  machines  (IBM  370/165)  the  program  requires 
approximately  200K  bytes  of  storage. 

The  Mark  Iv  program  will  eventually  completely  replace  the  old  Mark  III 
Hypersonic  Arbitrary-Body  Program  distributed  in  April  1968  (Reference  1). 
However,  the  present  Mod  0  version  cf  the  new  Mark  IV  program  does  not 
us  vet  have  all  of  the  capabilities  of  the  old  Mark  III  program.  Those 
capabilities  missing  from  the  Mark  IV  program  Include  the  computer 
graphics  routines,  stability  derivatives,  and  control  surface  deflection. 
All  of  these  capabilities  will  be  added  to  the  program  in  the  near  future. 

This  program  places  at  the  disposal  of  the  user  a  collection  of  different 
-.aerodynamic  analysis  tools  that  he  can  use  in  attacking  his  particular 
problem.  Therefore,  the  accuracy  of  the  results  achieved  depends  to  a 
certain  extent  upon  the  user's  knowledge  of  high  speed  aerodynamics  and 
on  how  he  decides  to  apply  the  program  to  his  problem.  The  documentation 
reports  for  this  program  are  designed  to  tell  the  user  what  the  program 
has  in  it  and  how  it  can  be  uaed.  No  attempt  Is  made  to  tell  the  user 
what  methods  or  options  he  should  use  In  attacking  s  given  problem.  For 
example,  it  is  up  to  the  user  to  decide  if  he  should  use  the  tangent  cone 
pressure  method  on  the  bottom  side  of  a  delta  wing  Instead  of  the  tangent 
wedge  method.  The  program  will  not  make  the  selection  for  him. 
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All  of  this  means  that  the  user  should  have  a  more  fundamental  under¬ 
standing  of  the  theoretical  methods  used  than  is  the  case  with  most 
other  computer  programs.  Before  using  any  option  the  user  should 
review  the  applicable  material  in  the  Program  Formulation  report, 

Volume  II,  to  be  sure  that  the  option  selected  will  give  the  best  answer 
for  the  particular  problem.  A  shotgun  approach  of  just  trying  all  of 
the  pressure  methods  and  selecting  the  ones  that  give  the  best  correlation 
with  total  force  coefficient  test  data  should  be  avoided.  The  user 
should  instead  be  more  concerned  with  the  prediction  and  correlation  of 
detailed  pressures  on  the  various  vehicle  components.  If  the  pressure 
methods  are  selected  on  this  basis  and  the  resulting  total  force 
coefficients  are  still  not  too  good,  then  the  user  should  search  for 
other  reasons  for  the  differences  (i.e.,  the  failure  to  account  for 
some  interference  effect,  the  inadequacy  of  methods  available,  etc.). 


SECTION  II 


PROGRAM  FRAMEWORK 


The  new  Mark  IV  program  has  a  completely  different  program  framework 
from  that  used  on  the  >ld  Mar*.  Ill  program.  In  the  new  program  the 
various  functional  jobs  are  separated  in  completely  independent  parts 
of  the  program.  While  some  separation  was  used  in  the  old  Mark  III 
program,  the  functional  jobs  of  geometry,  pressure  and  viscous  calculations 
of  the  program  were  all  together  in  one  major  grouping  of  routines.  In 
the  new  Mark  IV  program  the  geometry  generation  and  storage  routines  are 
a  completely  separate  part  of  the  program.  The  aerodynamic  part  of  the 
program  has  six  major  and  completely  separate  components  -  Flow  Field, 
Shielding,  Inviscid  Pressures,  Streamline  Analysis,  Viscous  Methods,  and 
Special  Routines . 

The  basic  framework  of  the  Mark  IV  program  is  shown  in  Figure  1.  The 
geometry  data  for  the  Mark  IV  program  is  the  same  as  for  the  Mark  III 
program,  so  the  old  graphics  programs  generated  for  the  Mark  111  program 
can  still  be  used  to  check  out  the  data.  A  new  aircraft  geometry  option 
has  been  added  to  the  geometry  program. 

It  is  important  that  the  user  understand  the  basic  function  of  each  of 
the  major  program  components  and  the  way  in  which  data  are  savtl  for 
use  in  the  different  components.  The  loading  of  the  b«sic  geometry 
data  is  the  most  time  consuming  part  of  the  input  data  preparation. 

All  geometry  input,  generation, and  storage  is  accomplished  in  the 
Geometry  Option  part  of  the  program.  Subroutine  GEOM  is  the  executive 
controller  of  this  option.  ThiB  is  normally  the  first  option  called  in 
the  analysis  of  a  new  vehicle.  The  GEOM  subroutine  converts  the  input 
geometry  data  into  quadrilateral  elements  and  stores  them  along  with 
the  original  input  surface  element  corner  point  coordinates  on  unit  4 
using  mass  storage  (direct  access)  techniques.  The  organization  of  the 
data  on  unit  4  is  described  in  Volume  II. 

All  other  parts  of  the  program  make  use  of  the  geometry  data  stored 
on  unit  4.  The  vehicle  is  normally  divided  into  a  number  of  panels 
with  each  panel  composed  of  a  number  of  surface  elements.  Each  panel 
is  identified  by  a  storage  sequence  number.  The  manner  in  which  these 
panels  are  to  be  grouped  together  is  determined  in  other  parts  of  the 
program  by  direct  reference  to  these  panel  sequence  numbers.  This  adds 
considerable  flexibility  in  the  use  of  geometry  data  for  many  purposes. 

Some  users  may  wish  to  modify  their  old  graphics  picture  drawing  programs 
to  make  use  of  this  new  data  storage  scheme. 

The  AERO  part  of  the  program  contains  six  major  program  components; 

Flow  Field  Analysis,  Shielding,  Inviscid  Pressures,  Streamlines, 

Viscous  Methods,  and  Special  Routines.  The  Flow  Field  Analysis  Option 
provides  a  number  of  features  that  are  used  in  accounting  for  flow  field 
interference  between  the  various  vehicle  components.  These  flcvo  field 
data  may  be  either  uniform  (not  a  function  of  the  space  coordinates)  or 
non-uniform.  The  non-uniform  data  are  stored  as  a  function  of  some 
combination  of  the  space  coordinates  (X,T,Z,  angular  orientation,  radius). 


Figure  1.  Functional  Organization  of  Mark  IV  Program. 


When  these  data  ate  required  within  the  other  parts  of  the  program  the 
necessary  intt 'polations  are  accomplished  to  provide  the  local  flow 
field  data  precisely  at  the  point  required.  All  of  the  interpolations 
are  accomplished  using  a  spline  surface  fit  technique.  All  of  the 
flow  field  data  are  stored  on  unit  10  using  mass  storage  techniques.  The 
format  of  the  stored  data  is  described  in  Figure  16  and  in  Volume  II. 

Flow  field  data  must  be  generated  in  the  FLOW  option  and  stored  on  unit  10 
before  interference  calculation;,  can  be  attempted  in  the  Inviscid  Pressure 
part  of  the  program. 


The  flow  field  data  to  be  stored  on  unit  10  may  be  either  Input  directly 
using  the  Hand  Input  Option,  or  they  may  be  generated  by  the  Flow  Field 
Generation  options  provided.  The  shock-expansion  option  provided  for 
this  purpose  requires  the  use  of  geometry  data  previously  stored  on 
unit  4.  This  geometry  may  be  actual  parts  of  the  vehicle  or  it  may  be 
special  geometry  input  only  for  the  purpose  of  generating  the  flow  field 
data.  Further  input  data  are  used  to  specify  the  orientation  and  position 
of  the  cutting  planes  used  in  the  shock-expansion  calculations.  These 
cutting  planes  are  then  passed  through  the  specified  geometry  panel 
combination  to  define  surface  lines  along  which  the  shock-expansion 
calculations  are  performed.  The  shock-expansion  calculations  produce 
local  surface  properties,  properties  along  the  shock,  and  when  required 
the  properties  within  this  bounded  flow  field.  These  properties  in  terms 
of  the  local  Mach  number,  the  direction  cosine  components  of  the  local 
surface  velocity  vector,  the  ratio  of  local  pressure  to  freestream 
pressure  (P/P<») ,  and  temperature  ratio  (T/T„)  ,  are  then  stored  on  the 
flow  fit/ Id  storage  unit  10.  The  flow  field  data  are  stored  under  a  set 
of  region  pointer  numbers.  These,  region  sequence  numbers  are  then  used 
bj  the  Inviscid  Pressure  part  of  the  program  to  retrieve  the  desired 
flow  field  data  for  use  in  the  interference  calculations.  The  present 
version  of  the  program  does  not  Include  interference  effects  in  the 
viscous  computations  except  as  they  might  come  through  from  the  use 
of  local  property  data  that  included  interference  effects. 


For  some  types  of  hypersonic  force  calculations  it  is  necessary  to  know 
what  parts  of  the  vehicle  are  shielded  from  the  freestream  flow  by  other 
vehicle  components.  To  do  this.it  is  first  necessary  to  make  an  element- 
by-element  check  for  possible  shielding  situations.  This  is  accomplished 
in  the  Shiexding  Option.  Before  using  this  option  the  user  should  first 
obtain  pictures  of  the  vehicle  geometry  at  the  desired  angle  of  attack 
and  yaw  angle.  These  pictures  will  indicate  what  vehicle  panel  sequence 
numbers  will  possibly  be  shielded,  and  what  panels  will  be  doing  the 
shielding.  These  shielded  and  shielding  panel  sequence  numbers  are 
input  to  the  Shielding  Option  to  minimize  the  number  of  element  searches 
necessary.  Otherwise,  it  would  be  necessary  to  have  the  shielding 
routine  search  every  single  element  for  possible  shielding  by  every 
other  element. 


When  an  element  1b  completely  shielded  by  another  element  a  new  element 
identical  to  the  shielded  element  is  created,  but  it  is  given  a  negative 
element  area.  If  only  a  portion  of  an  element  is  shielded  then  one  or 


more  negative  area  elements  will  be  created  to  represent  the  shielded 
portion.  The  number  of  new  elements  created  will  depend  upon  the 
orientation  of  the  two  elements  as  viewed  from  the  frees tream  direction. 
The  negative  area  elements  are  stored  sequentially  on  unit  3.  These 
data  are  used  wilhin  the  Inviscid  Pressure  part  of  the  program  in  the 
standard  manner.  All  of  the  vehicle  elements  including  these  additional 
negative  area  elements  are  analyzed  and  their  force  contributions 
calculated.  The  negative  area  elements  are  thus  able  to  cancel  out  the 
force  contribution  of  the  vehicle  elements  or  portion  of  elements  that 
are  shielded  from  the  freestream  flow.  Obviously,  if  shielding  is  to 
be  accounted  for  in  the  pressure  calculations,  then  the  Shielding  option 
must  be  used  before  the  Inviscid  Pressure  option  is  entered. 

The  Inviscid  Pressure  part  of  the  program  contains  all  the  facilities 
necessary  to  calculate  the  pressures  and  resultant  forces  on  each 
quadrilateral  element.  These  forces  are  summed  to  determine  the  total 
force  coefficients  for  the  vehicle.  The  geometry  data  used  by  the 
inviscid  pressure  calculations  are  obtained  from  unit  4  where  they 
must  have  been  stored  by  ithe  Geometry  Option.  The  geometry  panels  are 
grouped  into  several  vehicle  components  for  the  purposes  of  the 
pressure  calculatons  at  the  direction  of  the  user.  The  components 
are  formed  merely  by  specifying  the  panel  sequence  numbers  to  be  grouped 
together  to  form  a  component.  Each  part  of  the  vehicle  that  requires 
different  set  of  pressure  calculation  methods  must  be  grouped  into  a 
separate  vehicle  component.  If  interference  calculations  are  to  be  made, 
then  the  flow  field  region  numbers  to  be  considered  for  each  component 
must  also  be  specified.  The  flow  field  data  must  have  been  previously 
stored  on  unit  10  before  the  inviscid  pressure  calculations  are  attempted. 

Under  the  control  of  an  input  flag,  the  local  flow  properties  on  the 
surface  may  also  be  stored  beck  on  to  unit  4  along  with  the  geometry 
data  for  use  in  streamline  calculations  or  in  the  Viscous  Option.  The 
total  force  coefficients  for  each  vehicle  component  are  stored  on  unit  9 
using  mass  storage  techniques.  No  component  summation  is  performed  In 
the  Inviscid  Option.  Instead,  this  is  accomplished  in  the  Special 
Routines  portion  of  the  AERO  program  by  the  SUM  routine.  This  option 
may  also  be  used  to  punch  out  the  final  coefficients  for  use  in  off-line 
plotters. 

The  surface  Streamline  Option  may  be  used  to  generate  streamlines  along 
which  subsequent  viscous  computations  will  be  made.  This  option  makes 
use  of  surface  velocity  vector  data  previously  calculated  and  stored 
on  the  flow  field  unit  by  the  Surface  Data  Transfer  Option  of  the  Flow 
Field  routines.  The  Surface  Data  Transfer  Option,  in  turn,  obtained 
its  information  from  the  data  saved  on  unit  4  during  the  inviscid 
pressure  calculations. 

The  Viscous  Option  of  the  program  contains  the  skin  friction  methods  used 
in  the  old  Mark  III  program  plus  a  new  Integral  Skin  Friction  program 
that  may  be  used  where  more  detailed  skin  friction  data  are  desired. 

The  Integral  Skin  Friction  Option  calculates  viscous  properties  along  the 
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streamlines  determined  in  the  Streamline  Option  and  stores  the  results 
on  the  Surface  Data  Storage  Unit  10  rignt  along  with  the  streamline 
surface  data.  These  data  are  then  fit  with  the  surface  spline  techniques 
and  the  skin  friction  coefficient  determined  by  interpolation  for  each 
surface  geometry  element.  By  using  this  method  the  skin  friction 
distribution  over  the  complete  surface  of  a  vehicle  component  may  be 
calculated  using  the  same  geometry  data  set  as  was  used  for  the  inviscld 
pressure  calculations  (and  using  the  Inviscid  Option  calculated  local 
properties).  In  moat  applications,  however,  it  will  be  best  to  make 
use  of  some  combination  of  both  the  old  Mark  III  Skin  Friction  option 
and  the  new  Integral  Method  in  the  analysis  of  a  typical  vehicle.  The 
Mark  III  Skin  Friction  option  should  be  used  when  possible  because 
of  the  shorter  computing  times  and  its  usually  sufficient  accuracy. 

The  Integral  Method  should  be  used  only  in  situations  where  more  detailed 
skin  friction  information  is  needed  over  the  complete  surface  of  a  given 
component. 


The  Force  Data  Summation  Option  under  the  Special  Routines  section  of 
the  AERO  program  may  be  used  to  selectively  sum,  print,  and  punch  data 
that  has  been  previously  stored  on  the  Force  Data  Seve  unit  9  by  the 
the  Inviscid  and  Viscous  routines.  The  results  of  these  summmations 
may  also  be  stored  back  on  the  Force  Data  Save  unit.  This  is  the  only 
option  provided  in  the  program  for  adding  together  the  force  contributions 
of  different  vehicle  components.  Tills  capability  is  no  longer  provided 
in  the  inviscid  portion  of  the  program  as  it  was  in  the  old  Mark  III 
version.  Later  versions  of  the  program  will  include  derivative  and 
trim  options  in  this  portion  of  the  system. 

The  present  version  of  the  program  does  not  contain  any  graphics  capa¬ 
bility.  To  check  out  geometry  data,  the  user  must  make  use  of  graphis 
capability  developed  and  used  on  the  Mark  III  program.  A  future  addition 
to  the  Mark  IV  program  will  include  a  new  graphics  package  that  will 
include  perspective  picture  drawing  options,  and  the  ability  to  draw 
pictures  of  surface  velocity  vectors,  surface  streamlines,  and  flow  field 
shock  systems.  All  of  these  data  are  already  stored  on  Geometry  Data 
Storage  Unit  4  and  on  the  Flow  Field  Data  Storage  Unit  10. 

The  Auxiliary  Routines  section  of  the  present  program  contains  the 
General  Cutting  Plane  Option.  This  option  has  be  capability  to  determine 
the  section  shape  of  any  arbitrary  body  in  any  desired  plane.  This 
option  is  useful  In  a  number  of  geometry  related  problems.  For  example, 
it  can  be  used  to  help  define  the  wing-body  juncture  in  the  detailed 
geometry  preparation  stage. 

The  Mark  IV  program  is  controlled  by  the  Executive  Program.  The  input 
to  the  Executive  routine  provides  a  series  of  input  selection  options 
that  direct  the  program  to  the  Geometry,  Aero,  Graphics,  or  Auxiliary 
major  components  of  the  program.  When  it  Is  necessary  each  of  these 
components,  in  turn,  uses  a  small  executive  routine  to  further  control 
the  selection  of  sub-options.  This  method  of  selecting  which  parts  of 
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the  program  are  to  be  used  in  solving  a  particular  problem  is  one 
distinguishing  difference  between  the  Mark  IV  and  Mark  III  programs.  A 
multitude  of  internal  flags  and  switches  provided  the  selection  capability 
in  the  Mark  III  program.  If  the  user  uses  only  the  capabilities  in  the  new 
program  that  were  available  in  the  Mark  III  program,  he  will  find  that  the 
Mark  IV  program  is  much  easier  to  learn  to  use.  However,  the  neu  options 
that  are  provided  to  give  flow  field  interference  effects,  streamlines, 
shielding,  etc.,  add  to  the  complexity  of  the  program  operation. 


SECTION  III 


INPUT  DATA  INSTRUCTIONS 


This  computer  program  system  uses  a  free-form  approach  to  the  prepara¬ 
tion  of  the  input  data.  That  is,  the  order  of  the  input  cards  depends 
upon  the  requirements  of  the  problem  being  solved.  This  is  true  of  both 
the  system  control  data  and  the  input  data  tc>  each  of  the  major  program 
components.  For  this  reason,  few  standard  data  load  sheets  are  provided. 

In  most  cases  the  user  will  find  that  a  simple  80-column  load  sheet  can 
be  used.  This  means  that  the  cards  can  be  written  on  the  load  sheet  in 
the  order  in  which  they  will  be  read  into  the  program.  This  will  save 
the  card  shuffling  that  was  necessary  when  using  the  input  sheets  in 
the  Hark  III  program.  In  the  Mark  IV  prograr.  all  of  the  input  data  is 
read  right  at  the  beginning  of  the  job  and  printed  out  on  the  output 
unit.  In  this  way  the  user  always  has  a  record  of  the  input,  data  .  Long 
with  the  output  results  of  the  program. 

This  program  is  entitled  the  "Supersonic-Hypersonic  Arbitrary-Body 
Program."  This  title  brings  with  it  certain  inherent  problems. 

If  we  are  going  to  permit  a  completely  arbitrary  shape,  we  will  have  to 
use  a  large  amount  of  data  in  describing  it  for  the  computer  -  we  must 
be  willing  to  pay  something  for  the  freedom  of  arbitrariness.  Also, 
since  no  single  pressure-calculation  method  will  give  good  answers  for 
all  possible  vehicle  shapes  under  all  flight  condltiors,  we  must  have 
available  a  large  number  of  force-calculation  methods  and  know  how  and 
when  to  use  them.  The  flow  field  computation  capabilities  permit 
the  first  order  investigation  of  flow  field  interference  effects  between 
vehicle  components.  Here  again,  the  user  must  have  a  good  Idea  of  what 
types  of  flow  fields  to  expect  over  the  surface  of  the  shape  before  he 
can  adequately  prepare  the  flow  field  generation  input  data.  Don't 
expect  the  program  to  do  as  good  a  job  as  a  complete  three-dimensional 
method  of  characteristics  would  be  able  to  do.  Also,  at  the  low  supersonic 
Hach  numbers  and  on  simple  shapes,  don't  expect  the  program  to  give  as 
accurate  answers  as  might  be  obtained  in  an  influence  coefficient 
lifting  surface  program  where  all  interference  effects  are  accounted  for. 

The  basic  approach  in  the  design  of  this  computer  program  system  has 
been  an  attempt  to  minimise  the  difficulties  caused  by  these  two  problem 
areas.  The  program  has  been  designed  so  that  simple  problems  are  very 
easy  to  set  up  and  run.  However,  the  program  is  written  with  a  great 
deal  of  flexibility,  enough  to  handle  almost  all  situations  that  may 
arise.  With  the  more  complex  problems,  the.  input  also  becomes  more 
complicated.  The  user  should  study  the  different  sample  problems 
provided  in  this  manual  before  he  tries  to  approach  his  own  problem. 

The  user  of  this  program  is  cautioned  to  follow  closely  the  instructions 
given  in  this  manual.  He  should  not  rely  on  his  experience  with  the 
old  Hark  III  program  or  with  preliminary  versions  of  the  Mark  IV  program 
as  moat  of  the  input  data  formats  have  changed.  At  times  the  user  may 
find  it  helpful  to  study  the  code  listings  provided  in  Volume  II  to  more 
clearly  understand  the  input  data  requirements.  However,  as  with  any 
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similar  net  of  documents,  no  written  manuals  are  a  substitute  for  a 
complete  understanding  of  the  problem  to  be  solved,  a  methodical  approach 
to  the  preparation  and  checking  of  the  input  data,  and  a  careful  an  Lysis 
of  the  output  data.  Also,  the  accuracy  of  this  program  in  any  given 
application  depends  upon  the  wisdom  of  the  engineer  in  selecting  the 
proper  flow  field  and  force-calculation  methods. 


A  brief  summary  of  the  input  data  requirements  for  the  Mark  IV  Program  is 
given  below.  This  is  followed  by  a  more  detailed  card-by-card  description 
of  ail  of  the  input  items. 


The  Mark  IV  Program  requires  an  Executive  Flag  Card  and  a  System  Control 
Card.  These  cards  are  followed  by  the  sets  of  data  cards  for  each  program 
option  to  be  executed.  The  sets  of  data  furnished  must  be  in  the  same 

order  as  the  options  are  specified  on  the  System  Control  Card. 


In  the  detailed  card-by-card  descriptions  given  on  the  following  pages 
some  of  the  cards  may  have  an  assigned  card  TYPE  number  which  must  be 
punched  in  card  columns  71-72.  In  the  old  Mark  III  program  every  card 
required  a  TYPE  number.  However,  in  most  cases  the  Mark  IV  program 
does  not  have  these  numbers  aesigned. 


ine  general  scheme  used  in  describing  the  input  data  is  shown  below. 


Column  C  ' s 


Routine  Explanation 

Format 


T  meaning  of  each  of  these  columns  is  as  follows: 


Column 

Code 

Routine 


-  Indicates  the  position  on  the  card  for  each  data  field. 

-  Gives  the  FORTRAN  name  used  in  the  read  statement  by  the 
program. 

-  Indicates  the  subroutine  where  the  data  is  read. 


Format  -  Indicates  the  FORTRAN  format  of  the  data  read  statement. 

The  parameter  14  would  indicate  that  the  parameter  is  an 
integer,  right  justified  in  a  field  that  is  4  columns  wide. 
The  parameter  FlO.O  would  indicate  a  fixed  point  number 
punched  with  a  decimal  point  and  sign,  and  placed  anywhere 
in  the  card  columns  indicated. 


Explanation  - 


The  description  of  the  input  data  parameters,  flags,  etc. 
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INPUT  TO  MAIN  EXECUTIVE  ROUT  INF. 


Only  two  inpot  cards  are  required  for  the  Executive  Program. 


Executive  Flag  Card  (211) 

This  card  must  be  the  first  card  in  the  data  deck.. 

Column  Code  Routine  Explanation 

Format  _ 


1  TEROR 


2  INMGNT 


Main  Automatic  ABEND  dump  flag.  Used  in  IBM  version 
II  of  the  program  only. 

»  0  Any  IHC  type  of  error  will  cause  an  auto¬ 
matic  0C4  type  of  System  ABEND.  This  is 
useful  in  tracking  down  both  program  and 
input  errors. 

■  1  Automatic  ABEND  capability  is  not  turned 

on. 

Main  Input  monitor  control  flag.  This  flag  c.iuses 

II  all  of  the  input  data  to  be  copied  from  the 

input  unit  (5)  to  Unit  1.  As  this  is  being 
done  all  the  input  cards  (except  for  the  Execu¬ 
tive  Flag  Card)  are  written  out  on  the  output 
unit  (6). 

«■  0  The  monitor  routine  is  called  as  is 
described  above. 

■  1  Tho  monitor  routine  is  not  called  and 

the  input  data  is  not  printed  on  unit  6 
or  transferred  to  unit  1. 


System  Control  Card  (20ll,39X,A4) 

1  IPG(l)  Main  System  options  in  the  order  that  they  are  to 

2011  be  executed. 

2  1PG(2) 


3 

IPG (3) 
etc. 

IPG 
•  1 

-  2 

Option 

Call  GEOM. 
Call  AERO. 

20 

IPG(20) 

■  3 
-  4 

Call  GRAPH. 
Call  AUXILI. 

60-63 

CASE 

Main 

A4 

Case 

identification 
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GEOMETRY  DATA  PREPARATION 


GEOMETRY  NOMENCLATURE 

Before  proceeding  with  the  detailed  descriptions  of  the  geometry  input 
data  several  (and  often  confused)  geometry  terms  should  be  defined. 

Users  of  the  Mark  1  LI  program  should  take  note  of  these  since  some  changes 
and  additions  have  been  made  In  thc„.e  definitions  for  the  Mark  IV  program. 


Surface  Element: 


Plane  Quadrilateral 
Element : 


Cross-Section  Cut: 


Vehicle  Section: 


Vehicle  Panel: 


Vehicle  Component: 


This,  the  smallest  geometry  unit,  consists 
of  four  related  points  on  the  surface  of  the 
vehicle  and  the  area  enclosed  by  lines 
connecting  successive  points.  All  geometry 
data  must  eventually  be  made  available  to 
the  program  in  surface-element  form. 

Each  surface  element  is  converted  by  the 
program  into  a  plane  quadrilateral  element. 

The  plane  quadrilateral  element  is  the 
basic  geometric  unit  used  in  the  force 
calculations.  This  unit,  in  effect,  is 
the  integration  step  size  and  is  ixed  once 
the  surface  element  representation  of  the 
shape  is  established. 

A  cross-section  cut  is  that  view  obtained 
by  cutting  the  vehicle  in  the  longitudinal 
plane  (Z,  Y  plane),  at  a  constant  X-8talion. 

A  vehicle  section  consists  of  an  aggregation 
of  surface  elements  that  have  similar  size 
and  proportions.  On  the  Type  3  element  data 
cards  a  Section  starts  when  a  point  with 
STATUS  *  2  is  found.  A  Section  ends  when  the 
next  STATUS  ■  2  (or  3)  is  found. 

This  is  a  newly  defined  parameter.  It  is 
used  to  indicate  a  part  of  the  vehicle  that 
is  made  up  of  several  Sections.  On  the  Type  3 
element  data  cards  a  Panel  is  ended  when  a 
STATUS  -  3  is  found. 

A  Component  is  defined  as  a  major  part  of 
the  vehicle  that  is  to  be  analyzed  by  the 
program  as  a  unit  (i.e.,  a  wing,  tail,  etc,). 

A  Component  is  usually  made  up  of  several 
Panels . 


These  various  definitions  are  illustrated  in  the  table  and  Figure  2. 
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Basic 

Quantity 


Comb ine 


To 

Form 


Examples 


Points 


Elements 


Elements 


Sections 

Panels 


Components 


Sections  Inboard  Section  A,  Flap  Section  B, 
outboard  Section  C. 

Panels  Sections  A,B,C  form  upper  wing  panel. 

Components  Upper  and  lower  panels  form  wing 
Component . 

Vehicle  Wing,  fuselage,  tail,  etc.  components 
form  the  complete  vehicle. 


In  this  new  program  the  geometry  data  are  stored  on  the  Quadrilateral 
Element  Storage  unit  A  by  PANELS.  That  is,  each  PANEL  is  identified 
ty  a  sequence  number.  In  the  AERO  part  of  the  program  these  PANELS 
nay  he  grouped  together  to  form  vehicle  COMPONENTS  for  the  aerodynamic 
analysis.  The  PANELS  are  assigned  consecutive  sequence  nun&ers  (ISTAT3) 
by  the  GEOMetry  routine  as  they  are  stored  on  the  Quadrilateral  Storage 
unit  A.  The  user  must  keep  track  of  the  panel  sequence  numbers  for 
each  panel  (each  STATUS  m  3)  stored  on  Unit  A.  These  panel  sequence 
numbers  are  required  as  input  to  the  other  parts  of  the  program  to 
retrieve  the  proper  geometry  data  for  the  flow  field,  lnviscid  pressure, 
and  akin  friction  calculations. 
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GEOMETRY  DATA  PREPARATION  METHODS 


Several  options  are  available  for  describing  the  geometric  shape  of  .1  vehicle 
or  component  for  use  in  this  program.  These  methods  are  selected  nt  the  dis¬ 
cretion  o£  the  user.  A  given  vehicle  muy  be  defined  hv  a  combination  of  the 
methods.  These  methods  permit  the  user  to  describe  a  completely  arbitrary 
shape,  or  to  synthesize  a  vehicle  from  simple  component  parts,  depending  upon 
the  requirements  of  the  problem.  The  general  techniques  used  in  achieving 
this  are  outlined  below. 


In  the  Mark  IV  Program,  the  geometry  data  arc  input  using  one  of  the  following 
methods : 

1.  Surface-element  method  (distributed  elements) -  Tills  method  uses  a 
large  number  of  surface  coordinate  points  that  are  related  to  groups 
of  4  to  form  a  surface  element.  The  program  then  converts  the  arcu 
defined  by  each  set  of  4  points  into  a  plane  quadrilateral  element. 
All  types  of  input  geometry  data  eventually  end  up  in  this  form 
before  actual  force  computations  are  made. 


1.  Elliptical-cross-section  data.  In  this  method  input  data  consist  of 
the  necessary  radii,  circle  or  ellipse  center,  and  the  sector  of  the 
circle  or  ellipse  to  be  used.  The  program  then  converts  these  data 
into  exactly  the  same  surface-element  form  as  described  in  the  above 
paragraph.  These  data  created  by  the  program  are  in  the  correct  for¬ 
mat  for  conversion  to  plane  quadrilaterals  for  subsequent  calculations. 
The  element  geometry  data  generated  in  this  method  are  stored  on  the 
geometry  data  storage  tape  (Tape  8). 


uuwuciudLicdi  fit  (Parametric  Cables) .  Tim  surface  input 


for  this  method  consist  of  coordinates  of  points  along  the  four 
boundaries  of  a  patch.  The  coefficients  for  a  mathematical  surface 
fit  equation  are  then  calculated  to  provide  a  description  of  the 
interior  surface  of  the  patch.  This  surface  is  then  converted  to 
exactly  the  same  form  as  in  Method  1  by  a  systematic  variation  of  the 
two  parametric  parameters.  Again,  as  in  Method  2  above,  the  resulting 
element  data  are  saved  on  the  geometry  storage  tape  for  subsequent 
conversion  to  plane  quadrilaterals. 


4.  Aircraft  Geometry  Generation  Program.  This  program  is  designed  to 
simplify  the  loading  of  aircraft  types  of  configurations  (i.e., 
wings,  tails,  nacelles,  etc.). 


The  selection  of  the  method  to  be  used  in  describing  a  shape  depends  upon  the 
detailed  requirements  of  the  problem  and  the  vehicle  shape.  For  completely 
arbitrary  shapes  either  the  surface  element  or  the  parametric  cubic  method 
would  be  used.  For  simple  shapes,  such  as  a  vehicle  nose,  leading  edge,  or 
circular  or  elliptical  cross  section,  the  elliptical-surface  generation 
method  (method  ^)  would  be  used.  For  a  vehicle  synthesized  from  a  number  of 
simple  components  the  geometry  data  can  be  generated  by  a  separate  program. 

Note;  The  total  number  of  elements  that  can  be  analyzed  by  the  program  at 
one  time  depends  upon  whether  or  not  surface  property  data  are  to 
be  saved  and  upon  the  number  of  q-ft  combinations.  See  the  discussion 
on  Data  Storage  Techniques  for  Unit  4  In  Volume  III. 
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Geometry  data  required  by  the  program  may  actually  serve  two  different 
purposes , 

1.  Vehicle  geometry  data  over  which  actual  pressures  will  be 
calculated. 

2.  Special  geometric  surfaces  to  be  used  for  other  purposes  such  as 
to  calculate  flow  fields,  simplified  skin  friction,  etc. 

The  Geometry  Option  will  normally  be  the  first  option  called  (unless 
geometry  data  has  been  previously  assembled  and  stored  in  quadrilateral 
form  in  th s  computer  on  a  previous  run  ). 

The  GEOM  Program  has  two  basic  tasks:  It.  provides  for  the  input  or 
generation  of  geometry  data  in  ELEMENT  form  (TYPE3  cards) ,  and  for  the 
conversion  of  these  data  to  QUADRILATERAL  form  (surface  area,  outward 
normals,  centroids,  etc.).  The  ELEMENT  cards  when  generated  are  usually 
stored  on  Unit  IOUT  (-8  for  most  cases).  The  QUADRILATERAL  data  are  stored 
on  Unit  4  using  Mass  Storage  techniques  for  the  CDC  version  and  Direct 
Access  for  the  IBM  version. 

A  simplified  flow  chart  of  how  the  geometry  data  are  read  in  and  used 
is  present  ed  In  Figure  3. 


Input  to  Geometry  Executive  Control  and  Quadrilateral  Calculation  Routine 
Geometry  Control  Card  (112 ,511 ,112 , 15A4) 

This  is  the  first  card  for  the  GEOM  option. 


Column  Code  Routine  Explanation 

_  Format  _ _ _  .  _  . 

1-2  IOUT  GEOM  Output  storage  unit  for  Type  3  element  data  cards 

12  when  they  are  generated  by  one  of  the  geometry 

generation  routines  or  loaded  by  the  Element  Load 
routine.  Usually  input  -  8,  but  it  may  also  be 
ct  nvenient  to  use  it  ■  1  (or  *  5  if  INMONT  “  1 
on  the  Executive  Flag  Card).  If  quadrilaterals 
are  not  to  be  calculated  IOUT  may  be  input  °*  2 
to  obtain  a  punched  deck  of  the  Type  3  element 
cards. 


1REW 

GEOM 

11 

Rewind  flag  for  unit  IOUT. 

■  0  Rewind  unit  IOUT  before  storing  any  Type  3 
cards  on  it. 

-  1  Do  not  rewind  unit  IOUT, 

prints 

GEOM 

11 

Print  flag  for  detailed  quadrilateral  charac¬ 
teristics. 

*  0  Dc  not  print. 

-  1  Print. 
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IISTAT3  =  0 


Read  Geom  Control  Card 
IOUT,  IREW,  PRINTS,  IQUAD, 
I3HAX.  CONFIG 


flF  (IQUAD  .EQ.  1)  C-0  TO  110 ) 


quadrilaterals  onl 


20  (ISTAT3  =  I ST AT 3  +  1 


Read  (TAPEIN , 30) PANEL(ISTAT3) .LAST , IORN(ISTATJ) , 
(IGEOM(I) ,1=1,10) ,SYMFCT(ISTAT3) ,IFA(ISTAT3) _ 


- .JpO  90  1=1  10 j 


[IF  (IGEOM(I)  .EQ.  0)  GO  TO  100 


HQ  =  lGE0M(I)j 
[GO  TO  (40,50,60,70),  IG 

l~4o  VTo  Tlo 

jCALL  IELEj  [CALL  ELLIPI  [CALL  CUBIC  I 


J - ■*  —  — i  CONTINUE 


[IF  (LAST  .EQ.  0)  GO  TO  20 


«  70 

ICALL  ATRCFTl 


[I3MAX  =  ISTAT3I 


[IF  (IQUAD ~EQ.  2)  GO  TO  420) - - - 

[IF  (IQUtInE.5  .AND,  IOUT.NE. 1)  REWIND  TOUT] 
llSTAT3  =  01 
CONTINUE! 

. — i.  - - 

i IS TAT  3  =  ISTAT3  +  l] 

| IF  (IFA(ISTAT3)  .EQ.  1)  Read  scale  factor  card] 


Generate  Quadrilaterals  for  Panel.  Type  3 
Surface  Element  cards  will  be  read  from  unit 
IOUT  until  a  STATUS  -3  is  found. _ 


F  (ISTAT3  .LT.  I3MAX)  GO  TO 


420  I RETURN! 


Figure  3.  Geometry  Intmt  and  Tino«»o 


Geometry  Control  Card  (continued) 


Column  Code  Routine  Explanation 

Format  _ 


Quadrilateral  Calculation  Flag. 

*  0  Program  will  expect  to  use  the 
geometry  generation  or  storage 
routines  to  put  elements  on  to 
unit  IOUT.  A  Panel  Identification 
card  will  be  next  in  the  deck. 

**  1  Program  will  by-pass  the  element 
generation  and  storage  options. 

A  Panel  Identification  Card 
will  not  be  read.  Program  will 
read  Type  3  geoemtry  cards  from 
unit  IOUT  and  convert  them  to 
quadrilaterals . 

=■  2  Same  as  "  0  above  except  that  the 
program  will  not  calculate  the 
quadrilaterals.  A  Return  from 
the  GEOM  routine  will  be  called 
after  the  geometry  generation 
or  storage  on  unit  IOUT  Is  completed. 


6 

13MAX 

GEOM 

11 

Number  of  Status  3's  in  the  element  unit 
IOUT.  Used  in  determining  when  the  end 
of  the  quadrilateral  computations  is 
reached  (used  only  when  IQUAD  =  1). 

When  IQUAD  i  1  I3MAX  is  determined  by 
the  program. 

7 

NEW 

GEOM 

11 

New  data  set  flag. 

-  0  This  is  a  new  data  set  unit  for 
geometry  data.  Set  up  all  flags 
and  pointers. 

■  1  This  is  not  a  new  data  set.  Use 
old  flags  and  pointers  to  store 
additional  panels. 

8-9 

NPMAX 

GEOM 

12 

Maximum  number  of  panels  to  be  provided 
for  on  the  new  geometry  data  unit. 

Used  only  when  NEW  -  0.  If  input  as  *  0 
then  the  program  will  set  NPMAX  =*  50. 

10-69 

CONFIG 

GEOM 

15A4 

Configuration  identification  to  be 
written  on  the  first  record  of  the 
geometry  storage  unit  (4). 

5  IQUAD  GEOM 

II 


i 

! 


I 

I 

V 


I 
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Panel  Identification  Card 


(A4, 211, 1011, 211,412) 

This  card  is  required  if  IQUAD  ^  1.  This  card  is  used  to  conti:.1  the 
flow  to  the  various  geometry  generation  routines.  One  of  these  cards 
is  required  before  each  entry  into  the  geometry  generation  DO  loop. 

The  geometry  generation  DO  loop  is  terminated  by  the  LAST  parameter  on 
this  card.  Each  Panel  Identification  Card  can  cause  the  geometry 
generation  routines  to  be  entered  up  to  10  times.  The  number  of  times 
that  the  geometry  generation  routines  are  to  be  entered  is  controlled 
by  the  IGEOM(I)  parameter.  When  IGEOM(I)  =  0  the  DO  loop  is  stopped. 
If  IGEOM(l)  =  0  the  DO  loop  will  not  even  be  started  but  the  Panel 
Identification  Cards  will  be  read  in  until  LAST  =  1. 


Column  Code  Routine  Explanation 

Format 


1-4  PANEL (i) 


5  LAST 


6  IORN(I) 


GEOM  Panel  number  or  code  identification. 

A4  This  identification  will  be  stored  on 

the  quadrilateral  data  storage  unit  4. 

GEOM  Last  Panel  flag. 

II  =0  This  is  not  the  last  Panel 

Identification  Card. 

=  1  This  is  the  last  Panel 
Identification  Card. 

GEOM  Geometry  orientation  flag  (same  is  in 

II  the  Mark  III  program) . 

=  0  Normal  mode  using  cross-sections. 

*  1  Geometry  data  input  in  streamwise 
strips . 

-  2  Geometry  data  input  in  streamwise 

strips  but  for  each  streamwise  strip 
of  elements  the  first  coordinate 
point  in  the  right-hand  strip  of 
points  is  not  used  in  the  formation 
of  the  leading  edge  element  but  is 
ignored  by  the  program.  This  is 
illustrated  in  the  diagrams  below 
for  the  lower  wing  of  a  vehicle. 

The  streamwise  direction  is  indicated 


In  the  diagrams  above  the  numbers 
indicate  the  order  of  the  input  points. 
Note  that  points  1  and  2  are  duplicate 
points  (same  values  for  X,Y,  and  Z) . 
The  first  element  is  formed  by  points 
1- 2-4-5  and  point  3  is  ignored.  In 
a  similar  manner,  an  element  is  formed 
by  points  3-4-7-8  and  point  6  is  not 
used. 


Panel  Identification  Card  (continued) 


Column  Code  Routine  Explanation 

Format  _ 


-  3  Same  as  »2  above  except  that  the 
left  point  is  Ignored  in  the 
formation  of  the  leading  edge 
elements.  This  would  be  useful 
for  upper  surfaces  of  a  delta  wing. 
The  input  schematic  for  this  case 
is  shown  below. 

12  3  4 


7  IGEOM(I)  GEOM  Geometry  generation  method  flag. 

■  0  The  geometry  generation  routines 
(1ELF,  ELLIP,  CUBIC,  AIRCFT)  will 
not  be  called.  If  LAST  -  0  another 
Panel  Identification  Card  will 
be  expected  next. 

=  1  Routine  IF.LE  will  be  called  to 

read  Type  3  cards  from  the  input 
unit  and  to  copy  these  cards  onto 
the  geometry  storage  unit,  IOUT. 

»  2  Routine  ELLIP  will  be  called  to 

generate  elements  using  the  ellipse 
generation  techniques . 

■  3  Routine  CUBIC  will  be  called  to 
generate  elements  using  the  parametric 
cubic  method. 

-  4  Routine  AIRCFT  will  be  called  to 

generate  elements  using  the  aircraft 
geometry  option. 


8 

9 

10 

r>«-  o 

vvv.  • 
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17  SYMFCT(I)  GEOM 
II 


Symmetry  flag.  This  flag  indicates  the 
type  of  vehicle  symmetry  to  be  used  for 
this  component  of  the  vehicle  (see  diagrams 
below). 

Z 


19 


Column  Code 


Routine 

Format 


18  IFA(l)  GEOM 

II 


19-20 

NADJ1 

GEOM 

12 

21-22 

NADJ2 

GEOM 

12 

23-24 

NADJ3 

GEOM 

12 

25-26 

NADJ4 

GEOM 

12 

(continued) 

Explanation 


Symmetry  flag  (continued) 

Note:  Although  it  is  possible  to  use 
different  Symmetry  flags  for  different 
components  of  a  vehicle,  the  safe  thing 
to  do  is  to  input  or  generate  the 
geometry  using  the  same  Symmetry  ug 
for  all  parts  of  a  vehicle.  This  -o 
particularly  important  if  pictures  are 
to  be  drawn  with  a  computer  graphics 
picture  drawing  program. 


Scale  factor  flag.  This  flag  permits 
the  alteration  of  geometry  data  either 
by  a  shift  of  the  reference  coordinate 
system  or  by  a  multiplying  factor. 

=  0  Use  input  geometry  coordinates  (no 
scale  factors  will  be  used) .  The 
Scale  Factor  Card  will  not  be  input. 

®  1  Use  scale  factors  to  scale  and  shift 
the  geometry  data  in  the  basic 
coordinate  system.  Scale  fcicuvts  Suu 
coordinate  increments  are  applied  as 
the  geometry  data  are  being  converted 
into  quadrilateral  data.  The  original 
elemenc  data  on  Unit  IOUT  are  not 
altered. 

i.e.  Vw  “  Xinput  '  (xsc>  +  DELX 
etc.  for  Y  and  Z 

Note:  The  Scale  Factor  Card  is  input 
after  all  of  the  Panel  Identification 
Cards  and  geometry  generation  cards 
(for  XELE,  ELLIP,  CUBIC,  AIRCFT)  are 
input,  and  are  the  last  cards  read  before 
the  quadrilaterals  are  calculated. 

The  number  of  some  other  panel  that  is 
adjacent  to  side  number  1  of  this  panel. 

The  side  numbering  convention  is  the 
same  as  was  used  to  identify  the  sides 
of  a  single  element. 

The  number  of  some  other  panel  that  is 
adjacent  to  side  number  2  of  this  panel. 

The  number  of  some  other  panel  that  is 
adjacent  to  side  number  3  of  this  panel. 

The  number  of  some  other  panel  that  is 
adjacent  to  side  number  4  of  this  panel. 
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Scale  Factor  Card  (6F10.0) 


This  card  is  input  only  if  IFA  •  1,  One  Scale  Factor  Card  is 
required  for  each  Panel  Identification  Card  that  has  IFA  *  1. 
All  of  the  required  Sc->le  Factor  Cards  are  grouped  together  and 
input  behind  all  of  tlw  geometry  input  or  generation  cards  on 
each  entry  into  the  Geometry  option.  The  Scale  Factor  Cards 
are  read  in  one  at  a  time  as  they  are  required  (as  specified  by 
the  IFA  parameters  on  each  Panel  Identification  Card).  This 
read  occurs  in  the  cycle  of  the  quadrilateral  calculations  and 
the  scale  factors  are  applied  to  the  input  geometry  data  as 
they  are  being  converted  into  quadrilaterals.  The  original 
element  data  (Type  3  cards)  stored  on  unit  8  is  not  affected 
by  these  scale  factors  as  the  scale  factors  are  only  used  as 
the  quadrilaterals  are  being  generated.  See  Figure  3. 

Column  Code  Routine  Explanation 

_  _  Format  _ 


1-10 

XSC 

geom 

F10.0 

11-20 

YSC 

GEOM 

F10.0 

21-30 

ZSC 

GEOM 

F10.0 

31-40 

DELX 

GEOM 

F10.0 

41-50 

DELY 

GEOM 

F10.0 

51-60 

DELZ 

GEOM 

F10.0 

■X. 


X  Scale  Factor  to  be  multiplied  times 
xinput* 

Y  Scale  Factor  to  be  multiplied  times 
Yinput* 

Z  Scale  Factor  to  be  multiplied  times 
^ input • 

AX  Scale  -  Increment  to  be  added  to  X. 

AY  Scale  -  Increment  to  be  added  to  Y. 

AZ  Scale  -  Increment  to  be  added  to  Z. 
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INPUT  TO  THE  ELEMENT  READING  ROUTINE  (IELE) 


This  geometry  option  is  used  to  transfer  element  data  cards  (Type  3  cards) 
from  the  input  unit  (usually  5  or  the  input  monitor  storage  unit  1)  to  the 
geometry  element  data  storage  unit  (8). 

Element  Control  Card  (212,211) 

Column  Code  Routine  Explanation 

_  _  Format  _ ___  _ 


1-2  I3MAX 

3-4  IN 


5  IREW 


6  13 


IELE  The  number  of  STATUS  3's  that  will  be 
12  read  before  the  IELE  routine  will  stop 

and  return  to  the  main  geometry  program. 

IELE  Input  unit  for  the  Type  3  cards . 

12  If  input  ■=  0  the  program  will  set  IN 

equal  to  TAPEIN  as  defined  in  the  main 
executive  program  (■  1  or  ■  5). 

IELE  Rewind  flag  for  unit  IN.  The  rewind  control 

II  statement  in  IELE  before  the  geometry  read 

starts  is  as  follows. 

IF  (IN.NE.5  .AND.  IREW.EQ.l)  REWIND  IN. 

■  0  Do  not  rewind  unit  IN. 

-  1  If  IN  y*  5  rewind  IN. 

TELE 

II  Status  3  control  rlag. 

■  0  As  the  element  cards  are  copied  over 

to  unit  IOUT  all  of  the  STATUS  3’s 
will  be  removed  except  the  last  one. 

«  1  All  of  the  STATUS  3’s  will  be  removed 
as  the  cards  are  copied  to  unit  IOUT. 


Element  data  cards  (Type  3  cards)  are  input  following  the  above  Element 
Control  Card. 
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The  important  result  of  this  general  approach  to  the  geometry  problem  is 
that  the  force-calculation  part  of  the  program  is  not  affected  by  the  method 
used  to  input  the  geometric  shape.  The  form  of  the  geometry  data  can  be 
varied  to  meet  the  situation. 

The  coordinate  system  used  for  all  the  geometry  data  is  shown  in  the  figure 
below.  For  symmetrical  vehicles  it  is  standard  practice  to  input  the  left 
side  of  the  vehicle  only. 


Since  all  of  the  geometry  options  finally  produce  geometry  data  in  surface- 
element  form,  it  is  important  that  the  methods  and  nomenclature  used  with 
this  method  be  clearly  understood.  It  is,  therefore,  recommended  that  the 
input  instructions  for  the  surface-element  method  be  studied  before  an 
attempt  Is  made  to  use  either  the  ellipse  or  the  parametric  cubic  options. 

Under  certain  circumstances,  the  input  geometry  data  must  be  input  in  a  pre¬ 
scribed  manner.  This  occurs  when  using  the  shock-expansion  pressure-calcu¬ 
lation  method.  A  discussion  of  these  problems  is  presented  on  pages  191 
and  195. 


Surface-Element  Input  Data  (Distributed-Element  Method) 

The  geometric  Input  data  in  this  method  include  the  coordinates  of  a  large 
number  of  points  on  the  vehicle  surface.  The  input  data  are  organized  in  a 
manner  that  permits  the  description  of  a  vehicle  on  a  component-buildup  basis. 
This  gives  increased  flexibility  in  shape  description  and  makes  it  possible 
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to  use  different  force-calculation  methods  for  different  components.  Because 
of  possible  changes  in  the  surface  contours  of  a  component,  it  may  also  be 
necessary  to  divide  the  component  into  several  sections.  Each  section  of  a 
vehicle  component  is  further  divided  into  a  number  of  small  units  called  ele¬ 
ments,  each  defined  by  four  points  in  space.  In  practice,  the  surface  coor¬ 
dinates  are  usually  recorded  from  cross  section  drawings  of  the  vehicle  in 
such  a  way  that  each  point  need  be  read  only  once  (even  though  it  may  be  a 
member  of  as  many  as  four  adjacent  elements) .  Each  point  is  defined  by  its 
thr?e  coordinates  and  a  STATUS  flag  that  indicates  whether  it  is  the  first 
point  of  a  new  section,  a  continuation  of  a  column  of  points,  the  beginning 
of  a  new  column,  or  the  last  point  of  the  vehicle.  The  program  uses  the 
STATUS  flags  to  determine  how  the  input  points  are  to  be  related  to  form 
elements,  and  how  the  elements  are  combined  to  form  a  section. 

The  first  question  that  the  user  asks  when  starting  to  load  the  element  geo¬ 
metry  is,  "In  what  order  do  I  enter  the  surface  points?"  The  basic  rules  to 
be  followed  are  given  below.  These  will  be  followed  by  a  discussion  of  a 
visual  technique  that  many  users  will  find  helpful  in  determining  the  proper 
loading  order. 

For  the  purpose  of  organizing  the  input  data  for  computation,  each  point  ie 

assigned  a  pair  of  integers,  m  and  n.  These  integers  are  not  actually  input 

to  the  program  (they  are  calculated  internally)  but  their  use  in  the  following 
discussion  will  provide  a  better  understanding  of  the  input-data  organization. 
For  each  point,  n  identifies  the  "column"  of  points  to  which  it  belongs,  and 
m  identifies  its  position  in  the  "column",  i.e.  ,  the  "row".  The  first  point 
of  a  "column"  always  has  ui  -  1 .  To  ensure  that  the  program  will  compute  cut- 
ward  normal  vectors,  the  following  condition  for  the  order  of  input  points 

must  be  satisfied.  If  an  observer  is  located  in  the  flow  and  is  oriented  so 

that  locally  he  sees  points  on  the  surface  with  m  values  increasing  upward,  he 
must  also  see  n  values  Increasing  toward  the  right.  Strict  adherence  to  this 
simple  rule  will  always  lead  to  a  correct  set  of  input  geometry  data.  Examples 
of  correct  and  incorrect  input  are  shown  in  the  sketches  below.  In  these 
pictures  the  flow  field  lies  above  the  paper,  and  the  interior  of  the  body 
lies  below  the  paper.  The  arrows  indicate  the  order  of  reading  the  points. 


Correct  Input 

m-3. - - - - 

m-2 - - - 

m-ll - - 


n-l  n-2  n-3 


Incorrect  Input 

m-3 
m-2 
m-1 

n-3  n-2  n-1 


n-3 
n-2 
n-1 

m-3  a-2  m-1 


n-3. - - 

n-2 - — - 

n-li—fc. - - — 

m-1  m-2  m-3 


•1 

m-2 
m-3 

n-3  n-2  n-1 


m-1* - • - 

m-2  - 1 - 

m-3  - J — - 

n-2  n-2  m-3 
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Associated  v;ith  each  input  point  is  an  input  quantity  called  its  status.  The 
first  point  of  each  new  section  has  Status  »  2.  Except  for  the  first  11-line 
of  a  section,  the  first  point  of  each  n-line  has  Status  1.  The  last  point  of 
the  component  of  the  vehicle  has  Status  3.  All  other  points  have  Status  ■  0, 

i.e.,  they  may  be  left  blank  on  the  input  sheet.  The  program  will  not  exit 
properly  from  the  surface-data  subprogram  and  into  the  force-calculation 
phase  until  it  reads  a  Status  -  3. 

The  simple  visual  technique  described  below  is  helpful  in  determining  the 
proper  order  of  the  input  points. 

1.  First,  assume  that  you  are  holding  in  your  hand  a  small  model  of  the 
vehicle  shape.  Many  program  users  find  it  helpful  to  construct  a 
small  paper  model  to  help  in  visualizing  the  geometry  loading  proce¬ 
dure.  On  this  model  we  will  draw  lines  to  represent  the  elements  to 
be  loaded  for  a  given  vehicle  section.  This  process  is  illustrated 
in  the  photographs  In  Figure  5. 

2.  Next,  decide  which  strips  of  elements  are  to  constitute  "columns"  and 
which  "rows".  In  most  problems  one  of  two  procedures  is  selected  - 
either  a  "column"  of  elements  starts  at  the  bottom  of  the  shape  and 
continues  around  to  the  top,  roughly  following  vehicle  cross-section 
lines,  or  a  "column"  is  oriented  so  that  it  starts  at  the  front  part 
of  the  vehicle  and  runs  aft  toward  the  rear. 

3.  Hold  the  model  out  in  front  of  you  and  rotate  it  until  the  columns 
are  vertical  with  the  first  row  of  elements  at  the  bottom.  This  pro¬ 
cedure  should  be  used  regardless  of  what  part  of  the  vehicle  is  being 
loaded  -  the  body,  fin,  inside  of  fin,  etc.  Always  orientate  the 
model  so  that  you  are  looking  at  the  section  to  be  loaded  (from  the 
outside,  looking  at  the  suriace)  with  the  columns  running  vertical 
and  the  rows  running  horizontal. 

4.  Now  that  you  have  the  section  being  loaded  oriented  in  front  of  you, 
with  the  columns  vertical,  apply  the  following  cardinal  geometry 
rule: 


If  a  column  of  data  points  are  loaded  from  the 
bottom  to  the  top,  then  the  next  column  of  points 
(starting  with  a  Status  ■  1)  must  be  to  the  right. 

All  of  the  geometric  input  data  for  this  geometry  option  are  input  on  Type  3 
Element  Data  cards.  Each  card  contains  the  X,  Y,  Z  coordinates  and  Status 
flag  for  two  points  on  the  body  surface.  Every  card  in  the  element-geometry 
deck  must  contain  two  surface  points  except  the  last  card,  which  may  have 
only  the  first-surf&ce-point  coordinates  and  status  filled  in.  If  a  partic¬ 
ular  line  of  vehicle  points  is  odd  in  number  then  it  1b  usually  advisable  to 
repeat  the  last  point  (a  dismay  point)  so  that  the  last  card  will  have  two 
sets  of  point  data.  This  permits  the  shifting  of  vehicle  sections  of  the 
deck  without  disrupting  other  sections. 


Use  of  Small  Paper  Model  in  Visualising  Geometry  Loading 
Procedure.  (In  each  example  the  pen  is  pointing  at  the  first 
point  to  be  loaded  and  in  the  direction  of  the  fii  st  column  of 
input  points. ) 


ELEMENT  DATA  INPUT  CARDS  (3F10  0,11 ,3F10.0,I1 ,2X ,12 , 1A4 ,12 , AX ,14) 


The  detailed  description  oi  the  input  data  for  the  surface-element  method 
is  presented  below. 


Column 

Code 

Routine 

Format 

Explanation 

1-10 

X 

IELE 

F10.0 

X-coordinate  of  surface  point  (the  value  of 

X  is  written  anywhere  in  thiB  space  with  a 
decimal  point  and  sign;  usually  input  only 
if  it  is  negative). 

11-20 

Y 

IELE 

F10.0 

Y-coordi nate  of  surface  point* 

21-30 

Z 

IELE 

F10.0 

Z-coordinate  of  surface  point. 

31 

STAT 

IELE 

11 

Status  flag  for  the  above  set  of  coordinates 
(-  2,  1,  0,  or  3). 

32-41 

XX 

IELE 

*10.0 

X-coordinate  of  surface  point. 

42-51 

YY 

IELE 

F10. 0 

Y-coordinate  of  surface  point- 

52-61 

zz 

IELE 

F10.0 

Z-cootdinar.e  of  surface  point* 

62 

STATT 

IELE 

11 

Status  flag  for  the  above  set  of  coordinates 
(»  2,  1,  0,  or  3). 

65-66 

CASE 

IELE 

12 

Case  number  (right-justified  integer). 

67-70 

SECT 

IELE 

1A4 

Numbers  or  letters  to  Identify  the  vehicle 
section.  These  must  be  legal  machine 
characters. 

71-72 

TYPE 

IELE 

12 

Card  type  number  -03* 

77-80 

SEQ 

IELE 

14 

Card  sequence  number.  This  number  is 
used  to  identify  each  card  of  a  particular 

section  and  to  aid  in  keeping  the  cards  in 
order  (right-justified  integer). 


A  data  load  sheet  for  the  above  data  is  shown  on  the  next  page. 
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DIRECTIONS  FOR  KEYPUNCH:  DO  NOT  PUNCH  BLANK  COLUMNS  NO  UNDERPUNCHES  IN  SIGN  FIELDS 


This  geometry  option  provides  the  capability  of  generating  geometric  data 
for  'chicle  components  having  whole  or  partial  circular  or  elliptical  cross 
sectons  with  a  minimum  amount  of  input  information  required.  This  option 
is  usually  used  to  generate  hemispherical  noses  and  wing  and  tall  loading 
edges . 

The  data  generated  by  this  option  is  saved  on  the  geometry  storage  tape 
(Tape  8)  in  normal  surface-element  input  data  form.  In  this  manner  it  is 
possible  t^  describe  a  vehicle  with  a  combination  ol  both  hand-input  data 
(in  surface-element  or  parametric-cubic  input  form)  and  analytically  derived 
circular  or  elliptical  cross-section  data. 

The  input  data  for  this  geometry  option  is  described  below.  Input  sheet  5  is 
used  for  these  data.  The  input  procedure  i s  to  define  the  basic  properties 
of  a  circular  or  elliptical  cross  section  (a  cut  in  the  Z-Y  plane  with  X 
„  b%ing  a  constant  for  the  cross  section).  Each  cross  section  where  a  set  of 
element  data  is  desired  must  be  input  in  this  manner.  The  first  cross  sec¬ 
tion  must  be  toward  the  front  of  the  vehicle,  and  each  succeeding  section 
must  be  toward  the  rear. 


Ellipse  Generation  Control  Card  (12A4,11X,2I1,3XI2,1A4,12) 


Column 

Code 

Routine 

Format 

Explanation 

1-48 

TITLE 

ELLIP 

12A4 

Vehicle  section  or  component  title.  Any 
acceptable  machine  characters. 

60 

DISCON 

ELLIP 

11 

Angular-data  option  flag.  This  flag  controls 
the  angular  division  of  the  cross  section  and 
the  dummy  points  generated  to  give  complete 
card  output  for  the  geometry  storage  tape. 

See  sketch  below. 

Ellipse  Generation  Control  Cara  (continued) 

Column.  Code  Routine  Explanation 

Format 


60  DISCON  ELLIP 

(continued) 


The  angular-data  options  are  given  below. 

=  1  All  initial  angles,  G  ,  and  all  final 
angles,  G  ,  are  the  same  for  each 
cross  section  foi  this  section  of  the 
vehicle. 

=  2  All  9^  in  the  vehicle  section  are  the 
same  but  the  6^  varies. 

=  3  All  0Q  in  the  vehicle  section  are  the 
same  but  the  6 ,  varies. 


61  1PRINT 


65- C6  CASE 


ELLIP  Print  flag.  This  flag  controls  the  printing 

11  of  the  element  data  generated  in  this  option. 
This  data  printout  will  contain  the  exact 
information  written  on  the  geometry  storage 
tape. 

=  0  Do  not  print  data. 

»  1  Print  • 

ELLIP  Case  number.  A  right-justified  integer  used 

12  to  identify  the  vehicle  data. 


67-70 

SECT 

ELI.  IP 
JV, 

Section  identification.  A  number  or  letter 
used  to  identify  this  section  or  component  of 
the  vehicle.  Any  acceptable  machine 
characters. 

71-72 

TYPE 

ELLIP 

12 

Cards 

Card  Type  number  =04  (integer). 

Cross- 

Section  Data 

(F10. 0, 2F6. 0, 13, 2F10.0,2F7. 0,11, 10X12) 

One  card  for  each  cross-section  cut  desired. 


1-10 

X 

ELLIP 

F10.0 

11-16 

17-22 

THET0 

THETL 

ELLIP 

F6.0 

F6.0 

23-25 

NN 

ELLIP 

13 

26-35 

A 

ELLIP 

36-45 

B 

F10.0 

F10.0 

46-52 

DELZ 

F7.0 

X-station  (usually  negative  if  the  vehicle 
nose  is  at  the  coordinate  system  origin) . 

Initial  angle,  0  ,  Degrees. 

Final  angle,  0^,  Degrees. 

Number  of  divisions  of  cross  section  desired. 
This  number  controls  the  number  and  spacing 
of  the  elements  generated  between  0  and  0^' 
Right-justified  integer. 

Ellipse  radius  along  the  Y  -  axis,  a. 

Ellipse  radius  along  the  2  -  axis,  b. 

Offset  of  center  of  ellipse  in  the  2-direction, 
AZ. 


Cross-Section  Data  Cards  (continued) 


Column  Code  Routine  Explanation 

_  Format 


53-59  DELY  ELLIP  Offset  of  center  of  ellipse  in  the  Y  -direction. 

F7.0  AY. 


+  AY 

t; 

— "'faZ 

r  * 

60  LAST  Last  Flag.  This  flag  controls  the  Status  flag 

(STATT)  of  the  last  element  point  generated 
and  the  position  of  the  geometry  data  storage 
tape  (Tape  8)  after  the  element  data  has  been 
written  on  it. 

=  0  This  is  not  the  last  cross  section;  set 
STATT  =  0  and  read  in  new  cross-section 
card. 

*  1  Not  active.  Do  not  use. 

=  2  This  is  the  last  cross  section  for  this 
vehicle  section  or  component.  Set  the 
status  flag  STATT  =  0,  and  read  iri  a 
new  ellipse  data  title  card. 

“  3  Not  active.  Do  not  use. 

“  4  This  is  the  last  cross  section;  no  more 
sections  are  given,  set  last  STATT  =  3, 
write  end  of  file  on  geometry  tape. 


65-66 

CASE 

ELLIP 

12 

Case  number  (right-justif led  integer). 

67-70 

SECT 

ELLIP 

1A4 

Numbers  or  letters  to 
panel.  These  must  be 
characters. 

identify  the  vehicle 
legal  machine 

71-72 

ITYPE 

ELLIP 

12 

Card  type  number  ■  05 

(integer) . 

77-60 

Card  sequence  number, 
program. 

Not  read  by 

A  data  load  sheet  for  the  above  data  is  shown  on  the  next  page. 
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PARAMETRIC-CUBIC  INPUT  DATA 


The  geometry- input  option  is  provided  as  an  alternate  input  method  in  the 
description  of  arbitrary  shapes.  In  this  respect,  it  serves  the  same  purpose 
as  the  surface-element  input  method. 

In  the  surface-element  input  method  a  vehicle  section  is  described  by  a  large 
number  of  surface  points  organized  in  an  element  fashion.  In  the  Parametric 
Cubic  method  only  points  along  the  boundaries  of  a  patch  are  input  to  the 
program  and  the  distributed  surface  points  (surface  elements)  required  for 
the  subsequent  quadrilateral  calculations  are  determined  by  the  program. 

The  basic  features  of  this  method  are  that  (1)  fewer  input  points  are  required 
to  describe  a  shape,  (2)  the  input  of  this  data  is  a  little  more  complicated, 
and  (3)  the  generated  element  size  is  controlled  by  two  input  parameters  and 
may  be  changed  to  meet  the  requirements  of  the  problem. 

The  input  data  for  this  option  uses  input  data  sheet  5.  The  input  data  con¬ 
sist  of  points  along  the  four  boundaries  of  a  patch.  The  program  calculates 
the  coefficients  for  a  mathematical  surface-fit  equation  to  provide  a  descrip¬ 
tion  of  the  interior  surface  of  the  patch.  This  surface  is  then  converted 
into  exactly  the  same  form  as  the  normal  surface-element  input  data  for  fur¬ 
ther  calculations.  The  element  data  generated  is  saved  on  the  geometry  storage 
tape  (Tape  8)  for  use  in  other  phases  of  the  program. 

Figure  6  illustrates  how  a  section  is  described  by  this  method. 


Each  of  the  four  boundaries  is  identified  in  Figure  6  by  a  number  inside  a 
circle.  The  input  data  for  each  of  these  boundaries  must  be  input  in  the 
order  indicated  by  these  numbers,  i.e.,  boundaries  1,  2,  3,  and  4,  The 
order  of  the  input  points  on  a  boundary  and  the  order  of  the  boundaries  is 
important.  The  approach  to  ensure  a  correct  input  of  the  data  is  similar 
to  that  used  for  the  quadrilateral^-element  input  data.  First,  the  user 
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should  imagine  that  he  is  holding  a  small  model  of  the  vehicle  in  hand. 

The  vehicle  is  divided  into  a  number  of  sections  or  patches.  Figure  6 
represents  one  such  patch.  The  objective  here  is  to  describe  how  the 
data  for  one  patch  is  loaded  into  the  program. 

The  user  orientates  the  model  of  the  vehicle  so  that  the  number  1  boundary 
is  to  the  left  and  the  number  2  boundary  to  the  right.  Coordinates  of  points 
along  the  number  1  boundary  are  loaded  first.  The  order  of  these  points 
(from  the  user's  view  of  the  model)  is  from  the  bottom  to  the  top  of  the 
patch.  Note  that  a  point  must  be  included  outside  the  patch  at  either  end  of 
the  boundary  to  give  proper  slopes  at  the  corner  points.  The  next  input 
points  are  for  boundary  number  2  and  again  from  bottom  to  top.  Boundary 
number  3  is  loaded  from  left  to  right  as  is  boundary  number  4.  A  different 
number  of  points  may  be  used  to  describe  each  boundary  up  to  a  maximum 
of  20  for  each  one. 

Each  of  the  input  points  has  a  status  flag  associated  with  it  similar  to  that 
used  in  the  surf ace- element  input  method.  The  first  point  (the  bottom  point 
outside  the  patch  on  boundary  number  1)  has  a  status  of  2.  The  first  point 
on  each  of  the  other  boundaries  has  a  status  of  1.  All  the  other  points  have 
a  status  of  0  except  the  last  point  (the  point  on  the  right  side  outside  the 
patch  on  boundary  4)  which  has  a  status  of  3. 

The  input  sheet  contains  two  points  per  card.  Every  card  must  contain  two 
points  except  the  last  which  may  have  one  point  (loaded  on  the  left  side  of 
the  card) , 

The  detailed  input  information  required  for  this  geometry-method  option  is 
presented  below. 

Parametric  Cubic  Title  Card  (12A4,1X,I3,1X,I3,3X,3I1,2XJ.2,1A4,I2) 

This  card  contains  patch  control  data  and  divisions  to  be  used  in  converting 
the  patch  to  element  data.  See  sheet  5. 

Column  Code  Routine  Explanation 

_  Format _ _  _ 


1-48  TITLE 
50-52  NOU 


54-56  NOW 

element  mesh  in  the  w-direction  (right-justified 
integer) ,  If  this  number  is  an  even  number  then 
the  program  will  change  it  to  the  next  higher 
odd  number  so  that  there  will  always  be  an  odd 
number  of  elements  in  a  column.  This  will  give 
an  even  number  of  points  in  a  column  to  fill  out 
both  the  left  and  right  sides  of  the  element 
data  card. 


CUBIC  Section  or  patch  title.  Any  acceptable  machine 
12A4  characters. 

CUBIC  Number  of  division  of  the  parametric  variable 
13  u.  This  controls  the  number  of  elements  in  the 

element  mesh  In  the  u-direction  (right-justified 
integer) . 

CUBIC  Number  of  divisions  of  the  parametric  variable 

13  w.  This  controls  the  number  of  elements  in  the 
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Parametric  Cubic  Title  Card  (Continued) 

Column  Code  Routine  Explanation 

_  Format  _ _ 

60  LAST  CUBIC  Last  Flag.  This  flag  controls  the  Status  flag 

II  (STATT)  of  the  last  element  point  generated 

and  the  position  of  the  geometry  data  storage 
tape  (Tape  8)  after  all  data  has  been  written 
on  it. 

-  1  Not  active.  Do  not  use. 

■  2  This  is  not  the  last  patch.  Set  the 

last-point  status  flag  STATT  «  0,  and 
read  in  a  new  set  of  patch  data  (includ¬ 
ing  a  new  title  card). 

■  3  Not  active.  Do  not  use. 

-  4  This  is  the  last  patch.  Set  the  last- 

point  status  to  STATT  ■  3,  write  an  end 
of  file  on  unit  IOUT. 


61  ISOVR  CUBIC  First-point  status  override  flag. 

II 

«  0  The  status  flag  for  the  first  coordinate 
point  of  the  patch  will  be  ■  2  (normal 
mode) . 

■  1  The  status  flag  for  the  first  coordinate 
point  of  the  patch  will  be  set  «  1.  This 
will  permit  "joining  together"  several 
parametric  cubic  patches  to  form  a  single 
section  of  surface-element  data. 
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IPRINT 

CUBIC 

11 

Print  flag.  This  flag  controls  the  printing  of 
the  element  data  generated  in  this  option.  This 
data  printout  will  contain  the  exact  information 
written  on  the  geometry  storage  tape  (in  BCD 
card  image  form) . 

*  0  Do  not  print  data. 

-  1  Print. 

65-66 

CASE 

CUBIC 

12 

Case  number  (right-justified  integer). 

67-70 

SECT 

CUBIC 

1A4 

Numbers  or  letters  to  identify  the  vehicle 
panel. 

71-72 

ITYPE 

CUBIC 

12 

Card  type  number  -  06. 
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Parametric  Cubic  boundary  Data  ( 3F10. 4 ,11 , 3F10, 4 , II ,8X ,12) 


This  card  contains  the  coordinates  of  the  boundary  curves  for  a  parametric 
cubic  patch.  See  sheet  5. 

Column  Code  Routine  Explanation 

_ _  Format  _ 

1-10  X  CUBIC  X-coordinate  of  boundary  curve  point- 

F10.4 

11-20  Y  CUBIC  Y-coordinate  of  boundary  curve  point. 

F10.4 

21-30  Z  CUBIC  Z-coordinate  of  boundary  curve  point. 

F10.4 

31  STAT  CUBIC  Status  flag  for  the  above  set  of  coordinates 

II  (=  2,  1,  0,  or  3).  This  flag  controls  the 

reading  in  of  the  boundary  curve  data  and  is 
not  the  same  as  the  STATUS  flag  that  will  be 
generated  and  written  on  the  geometry  storage 
tape  along  with  the  generated  surface  element 
data. 


32-41 

XX 

CUBIC 
F10. 4 

X-coordinate  of  boundary 

curve  point. 

42-51 

YY 

CUBIC 

F10.4 

Y-coordinate  of  boundary 

curve  point. 

b2-61 

ZZ 

cubic 

F10.4 

Z-coordinate  oi  boundary 

curve  point- 

62 

STATT 

11 

Status  flag  for  the  above 

set  of  coordinates 

(-  2,  1,  0,  or  3).  This  flag  controls  the 
reading  in  of  the  boundary  curve  data  and  is 
not  the  same  as  the  STATUS  flag  that  will  be 
generated  and  written  on  the  geometry  storage 
tape  along  with  the  generated  surface  element 
data. 


65-66  CASE 

Case  number.  Not  read  by  program. 

67-70  SECT 

Numbers  or  letters  to  identify  the  vehicle 

panel.  Not  read  by  program. 

71-72  ITYPE 

CUBIC 

Card  type  number  *  07. 

12 

77-80  SEQ 

Card  sequence  number.  Not  read  by  program. 

A  data  load  sheet  for  the  above  data  is  shown  on  the  next  page. 
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DIRECTIONS  FOR  KEYPUNCH:  DO  NOT  PUNCH  SUNK  COLUMNS 


AIRCRAFT  GEOMETRY  OPTION 


The  Aircraft  Geometry  Option  has  the  capability  of  generating  element  data  for 
six  classes  of  aircraft  surfaces.  These  are  identified  as  follows. 

1.  Wings 

Airfoil  ordinates  are  input  at  percent-chord  locations  along  with  the 
X,  Y,  Z  coordinates  of  each  airfoil  leading  edge.  Wing  camber  data 
and  chord  lengths  are  also  input. 

2.  Fuselage 

A  fuselage  may  be  defined  in  segments  and  may  be  circular  or  arbitrary 
in  cross  section.  If  the  fuselage  is  circular  it  may  be  input  by  a 
cross-sectional  area  distribution.  If  the  fuselage  is  arbitrary  it 
may  be  input  as  X-Y-Z  cross-sectional  coordinate  data.  Up  to  four 
fuselage  segments  may  be  specified  on  each  entry  into  the  Aircraft 
Geometry  Option. 

3-  Pods  or  Nacelles 

The  X-Y-Z  coordinates  of  the  pod  origin  are  input  along  with  a  pod 
radii  distribution.  Up  to  nine  pods  may  be  specified  on  each  entry 
to  the  Aircraft  Geometry  Option. 

4.  Fins 

The  X-Y-Z  coordinates  of  the  lower  and  upper  airfoil  leading  edge 
of  vertical  fins  are  input  along  with  airfoil  ordinates  at  up  to 
ten  percent-chord  locations.  The  chord  lengths  are  also  input. 

As  many  as  six  fins  may  be  used  on  each  entry  to  the  Aircraft  Geo¬ 
metry  Option.  Only  symmetrical  airfoils  are  generated. 

5.  Canards  or  Horizontal  Tails 

The  X-Y-Z  coordinates  of  the  inboard  and  outboard  airfoil  leading 
edge  are  input  along  with  the  airfoil  ordinates  and  chord  lengths. 

Up  to  two  canards  may  be  input  on  each  entry  to  the  Aircraft  Geometry 
Option.  Unsymmetrical  airfoils  are  permitted. 

6.  General  Airfoil  Surface 

The  orientation  of  each  airfoil  is  specified  by  X-Y-Z  coordinates 
of  the  leading  and  trailing  edges  and  a  rotation  angle.  The  airfoil 
ordinates  and  camber  data  are  also  Input.  This  permits  the  descrip¬ 
tion  of  wing  or  tail  type  of  surfaces  where  the  airfoils  are  not 
orientated  in  a  fixed  streamwlse  plane. 
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The  first  five  classes  of  surfaces  indicated  above  are  the  same  as  those 
available  in  the  NASA  Wave  Drag  program.  The  sixth  surface  is  a  new 
feature  provided  within  the  Arbitrary-Body  Program  that  allows  the  geometric 
description  of  a  surface  composed  of  airfoil  sections  that  may  be  arbitrarily 
orientated  in  space.  This  removes  some  of  the  restrictions  imposed  within 
the  wing,  fin,  and  canard  options  used  in  the  NASA  Wave  Drag  program.  Also, 
additional  parameters  may  be  specified  on  the  pod  input  data  to  allow 
arbitrary  orientation  of  the  pods  or  nacelles. 

Various  combinations  of  the  above  shapes  may  be  used  in  describing  mo3t  air¬ 
craft  configurations.  However,  in  some  situations  a  part  of  a  vehicle  may  not 
be  accurately  described  by  one  of  the  above  components.  In  this  case,  the 
particular  part  of  the  vehicle  may  be  input  or  generated  using  the  completely 
arbitrary  shape  capabilities  in  the  other  partR  of  the  program  (i.e. ,  input 
elements,  parametric  cubic  patches,  etc.).  For  other  problems  it.  may  be  easi¬ 
est  to  generate  the  vehicle  using  the  Aircraft  Geometry  Option  and  then  alter 
those  cards  that  need  changes  by  hand  in  order  to  give  an  accurate  representa¬ 
tion  of  the  shape.  This  may  be  necessary  to  accurately  describe  such  regions 
as  wing  roots,  fillets,  etc. 

Note  that  in  the  description  of  each  of  the  surfaces  above  certain  restric¬ 
tions  exist  as  to  the  maximum  number  of  fuselage  segments,  pods,  fins,  etc., 
that  may  be  generated  on  a  single  entry  into  the  Aircraft  Geometry  Option. 

It  should  be  noted,  however,  that  all  such  limitations  may  be  overcome  by 
entering  the  Aircraft  Geometry  Option  as  many  times  as  may  be  required. 

The  output  data  for  the  Aircraft  Geometry  Option  consist  of  element  data 
cards  with  two  coordinate  points  and  accompanying  Status  flags  recorded  on 
each  card  (Type  3  Arbitrary-Body  Program  cards) .  These  cards  are  written  on 
the  Geometry  Storage  Unit  (Unit  8)  for  use  by  the  rest  of  the  Arbitrary-Body 
program.  The  card  decks  generated  in  this  manner  may  be  used  directly  as 
input  data  for  subaequent  runs  on  the  Hypersonic  Arbitrary-Body  Program,  or 
as  input  to  the  Douglas  Arbitrary-Body  Supersonic  Wave  Drag  Program  and  the 
Douglas  Potential  Flow  Program  (the  Neumann  Program).  These  same  element 
cards  may  be  used  to  generate  pictures  using  on-line  interactive  graphics 
programs,  and  in  programs  that  use  large  electro-mechanical  drafting 
devices  such  as  the  Orthomat  and  Gerber  Plotters. 

Some  users  may  make  use  of  the  Aircraft  Geometry  Option  and  the  Arbitrary- 
Body  Program  picture  drawing  capabilities  as  a  tool  in  validating  geometry 
data  for  the  NASA  Wave  Drag  Program  (the  Harris  Program) .  For  such  applica¬ 
tions,  however,  care  should  be  taken  to  verify  that  the  input  data  for  the 
users'  version  of  the  NASA  program  is  the  same  as  required  by  the  Aircraft 
Geometry  Option  of  the  Hypersonic  Arbitrary-Body  Program.  Note  that  the  sixth 
surface  type  provided  in  the  Aircraft  Geometry  Option  (arbitrary-airfoil 
orientation)  is  not  available  for  use  on  the  NASA  Wave  Drag  Program.  Since 
all  programs  tend  to  change  with  time  it  may  be  necessary  for  the  user  to  make 
modifications  to  the  Aircraft  Geometry  Option  to  maintain  consistency  in  input 
data  with  the  NASA  Wave  Drag  Program, 

UserB  of  the  Aircraft  Geometry  Option  should  exercise  care  in  selecting  Input 
parameters  to  assure  that  the  resulting  surface  element  data  will  meet  the 
needa  of  their  problem.  This  rather  obvious  statement  is  necessary  because 
of  the  multifunction  uses  that  this  option  serves. 

/ 


The  various  methods  within  the  Aircraft  Geometry  Program  are  selected  by  input 
flags  on  a  control  card.  The  various  parameters,  tables,  etc.,  for  each  air¬ 
craft  component  are  given  on  a  separate  set  of  cards  for  each  type  of  surface. 
The  order  and  identification  of  each  of  the  input  cards  is  given  in  the  list 
below.  Each  card,  if  it  is  to  be  used,  must  be  in  the  order  indicated. 


Card  or 
Card  Set 

Number _ Card  Identification 


1  Title  and  Identification  Card 

2  Control  Flag  Card 

3  Wing  Area  Card  (if  required) 

4  Wing  PercenL-Chord  Location  Card(s) 

5  Airfoil  Leading  Edge  Coordinate  Card(s) 

6  Wing  Camber  Line  Card(s)  (for  ea^h  airfoil,  if  required) 

7  Wing  Airfoil  Ordinate  Card(s)  (for  each  airfoil) 


| 

I 

? 

i 


» 


8  Fuselage  X-Station  Card(s)  (for  first  segment) 

9  Fuselage  Camber  Card(s)  (if  required) 

10  Fuselage  Cross-Section  Area  Card(s)  (if  required) 

11  Fuselage  Y-urdinates  (for  arbitrary  shape)  (if  required) 

12  Fuselage  Z-Ordinates  (for  arbitrary  shape)  (if  required) 

13  Repeat  11  and  12  for  all  cross  sections  of  segment. 

14  Repeat  8  through  13  for  all  fuselage  segments. 


i 

i 

\ 


15  Pod  Origin  Card 

16  Pod  X-Station  Card(s) 

17  Pod  Radii  Card(s) 

18  Repeat  15  through  17  for  all  pods. 

19  Fin  Leading  Edge  Coordinate  Card 

20  Fin  Percent-Chord  Location  Card 

21  Fin  Airfoil  Ordinate  Card 

22  Repeat  19  through  21  for  all  fins. 


Card  or 
Card  Set 

Number  _ _ _ Card  Identification 


23  Canard  Leading  Edge  Coordinate  Card 

24  Canard  Percent-Chord  Location  Card 

25  Canard  Upper  Ordinate  Card 

26  Canard  Lower  Ordinate  Card  (if  required) 

27  Repeat  23  through  26  for  all  canards 

28  General  Airfoil  Surface  Control  Flag  Card 

29  Airfoil  Percent-Chord  Location  Card(s) 

30  Airfoil  Orinetation  Card(s) 

31  Airfoil  Camber  Line  Card(s) 

32  Airfoil  Ordinate-Thickness  Card(s) 

33  Repeat  28  through  32  for  multiple  airfoil  surfaces  as  required. 

34  Repeat  1  thorugh  33  for  multiple  configurations  as  required. 


35  Type  99  card  (Normal  Return  to  Executive  Program). 
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and  parameters.  Where  it  might  be  useful  the  mnemonics  used  in  the  program 
are  also  given.  On  some  of  the  cards  identification  information  is  punched  in 
card  columns  73-80.  Although  this  information  is  not  used  by  the  program  its 
use  may  help  to  eliminate  errors  in  card  order.  The  card  field  to  be  used  for 
input  numbers  is  indicated  for  each  card.  All  integers  should  be  punched  in 
the  right  most  column  of  the  field.  Real  numbers  may  be  punched  anywhere  in 
the  field  specified.  Except  for  the  integers  on  the  Control  Flag  Card,  all 
other  input  is  in  the  form  of  real  numbers  with  the  decimal  point  and  sign 
punched  on  the  card  (i.e.,  -59.56). 


The  type  99  card  contains  a  99  in  card  columns  71  and  72.  The  remainder  of 
the  card  has  the  same  format  as  the  Title  and  Identification  Card  (card  1) , 
however  these  remaining  fields  are  usually  left  blank. 

A  chart  showing  the  data  flow  logic  for  the  Aircraft  Geometry  Option  is 
presented  in  Figure  7. 
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Figure  7 .  Aircraft  Geometry  Option  Data  Flow  Logi 


AIRCRAFT  GEOMETRY  IDENTIFICATION  AND  CONTROL 


Title  and  Identification  Card 

Column  Code  Routine 

_  _  Format 


(9A3,8A4,Il,2X,Il,2XrrA3T2X,A2,2A4) 

v  y 

Explanation 


1-59  CARD 


60  1STAT3 


63  I HARIS 


C .  £X*L 

CASE 


71-72  TYPE 


AIRCFT 

9A3, 

8A4 

AIRCFT 

11 


AIRCFT 

II 


AIRCFT 


AIRCFT 

A2 


The  title  that  is  to  appear  at  the  top  of  the 
output  pages.  Any  acceptable  machine  charac¬ 
ters. 

Flag  to  control  the  generation  of  a  dummy 
element  with  a  very  small  surface  area  in  order 
introduce  a  Status  -  3  at  the  appropriate  in 
a  geometry  deck. 

m  0  Dummy  element  will  be  included  at  the 
very  end  of  the  Type  3  cards  produced 
in  the  Aircraft  Geometry  Option.  This 
means  that  the  last  Type  3  card  will 
have  a  Status  3  flag. 

-  1  No  dummy  Status  3  element  will  be 

generated.  The  last  data  point  in  the 
Aircraft  Geometry  cards  produced  will 
have  a  Status  -  0. 

NASA-Harris  Input  Coordinate  Flag. 

-  0  Arbitrary-Body  Program  coordinates  will 

be  used.  The  usual  practice  is  to  have 
the  nose  of  the  vehicle  at  the  origin 
of  the  coordinate  system  with  the  tail 
having  a  negative  X-station. 

«*  1  The  NASA  Harris  coordinate  system  will 

be  used.  The  vehicle  nose  is  at  the  origin 
and  all  the  X-coordinates  are  positive 
for  the  input  data  on  the  Aircraft 
Geometry  Data  cards.  The  program  will 
change  them  to  negative  values  before 
the  final  Type  3  cards  are  written  on 
on  the  storage  unit  to  be  consistant 
with  the  Arbitrary-Body  system. 

Case  number  to  be  printed  at  the  top  of^data 
output  pages  and  in  card  columns  n^ 

the  Type  3  cards  produced  by  the  Aircraft 
Geometry  Option. 

Case  termination  flag.  If  input  -  99  the 
Aircraft  Geometry  Option  will  stop  with 
this  Ct.rd  and  return  to  the  Geometry  routine. 

If  left  blank  the  program  will  continue  reading 
in  Aircraft  Geometry  data  cards. 


Control  Flag  Card  <713,11,12, 1613, 8X) 


Column 

Code 

Routine 

Format 

Explanation 

1-3 

JO 

AIRCFT 

13 

Wing  area  flag. 

=  0  Wing  area  card  is  not  included. 

=  1  Wing  area  card  is  to  be  read. 

4-6 

J1 

AIRCFT 

13 

Wing  data  and  camber  flag. 

—  0  No  wing  data  are  vised. 

=  1  Cambered  wing  data  are  to  be  read. 

-  -1  Uncambered  wing  data  are  to  be  read. 

7-9 

J2 

AIRCFT 

13 

Fuselage  control  flag. 

-•  0  No  fuselage  data  are  used. 

=  1  Data  for  arbitrarily  shaped  fuselage 

will  be  read. 

=  -1  Data  for  circular  fuselage  will  be  read 

10-12 

J3 

AIRCFT 

13 

Pod  control  flag. 

=0  No  pod  data  are  used. 

=  1  Pod  data  are  to  be  read. 

13-15 

J4 

AIRCFT 

13 

Fin  control  flag. 

=0  No  fin  data  are  used. 

=  1  Fin  data  are  to  be  read. 

16-18 

J5 

AIRCFT 

13 

Canard  control  flag. 

=0  No  canard  data  are  used. 

=  1  Canard  data  are  r.o  be  read. 

19-21 

J6 

AIRCFT 

13 

Fuselage  camber  and  symmetry  flag. 

=  0  Fuselage  camber  data  will  be  read. 

=  1  Configuration  is  symmetrical  with 

respect  to  the  X-Y  plane  (uncambered 
circular  fuselage  is  used) . 

=  -1  Fuselage  is  uncambered. 

=  2  Uncambered,  arbitrary  fuselage. 

22 

J7 

AIRCFT 

11 

General  airfoil  surface  flag. 

=0  No  airfoil  data  are  used. 

=  1  General  airfoil  surface  control  card 

to  be  read. 

23-24 

NWAF 

AIRCFT 

12 

Number  of  airfoils  used  to  describe  the  wing 
=  2  to  20. 

25-27 

NWAFOR 

AIRCFT 

13 

Number  of  percent-chord  points  used  to  define 
each  wing  airfoil  section. 

-  3  to  30. 

28-30 

NFUS 

AIRCFT 

13 

The  number  of  fuselage  segments  to  be  read. 

=  1  to  4. 

31-33  NRADX(l) 

AIRCFT 

13 

Number  of  Y-Z  coordinate  points  used  to 
describe  each  cross  section  for  the  first 

fuselage  segment.  This  parameter  Is  used 
for  both  arbitrary  and  circular  fuselage 
segments . 

=  3  to  30. 
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IDENTIFICATION  AND 

CONTROL 

(continued) 

Control  Flag  Card 

(continued) 

Column  Code 

Routine 

Format 

Explanation 

34-36  NFORX(l) 

AIRCFT 

13 

Number  of  X  cross  sections  to  be  used  for 
each  fuselage  segment. 

■  2  to  30 . 

37-39  NRADX(2) 

AIRCFT 

13 

Same  as  Field  31-33  for  second  fuselage 
segment. 

40-42  NF0RX(2) 

AIRCFT 

13 

Same  as  Field  34-36  for  second  fuselage 
segment. 

43-45  NRADX(3) 

AIRCFT 

13 

Same  as  Field  31-33  for  third  fuselage 
segment . 

46-48  NF0RX(3) 

AIRCFT 

13 

Same  as  Field  34-36  for  third  fuselage, 
segment. 

49-51  NRADX(4) 

AIRCFT 

13 

Same  as  Field  31-33  for  fourth  fuselage 
segment. 

52-54  NF0RX(4) 

AIRCFT 

13 

Same  as  Field  34-36  for  fourth  fuselage 
segment. 

55-57  NP 

AIRCFT 

13 

AIRCFT 

13 

Number  of  pods  to  be  input  (up  to  9) . 

58-60  NP0D0R 

Number  of  stations  to  be  used  in  the  pod  radii 
distribution  input.  This  is  the  same  for  all 
pods. 

«=  2  to  30. 

61-63  NF 

AIRCFT 

13 

AIRCFT 

13 

Number  of  vertical  fins  to  be  input  (up  to  6). 

64-66  NFINOR 

Number  of  ordinates  used  to  define  each  fin 
airfoil.  This  is  the  same  for  all  fins. 

*>  3  to  10. 

67-69  NCAN 

AIRCFT 

13 

Number  of  canards  or  horizontal  tails  to  be 
input  (up  to  2) .  ; 

70-72  NCANOR 

AIRCFT 

13 

Number  of  ordinates  used  to  define  the 
airfoils.  This  is  the  same  for  all  canards. 

=  3  to  10  Airfoil  is  symmetrical,  upper 

ordinates  only  will  be  read. 

=  -3  to  -10  Airfoil  is  unsymmetrical,  lower 
ordinates  will  be  read  right 
after  the  upper  values  are  read 
in. 

Wing  Area  Card 

(F7.2) 

1-7  REFA 

AIRCFT 

F7.2 

This  card  is  required  if  JO  =  1  on  the  Control 
Flag  Card.  This  parameter  is  not  used  by 

the  program  but  may  be  present  in  some  decks 
set  up  for  the  NASA  Wave  Drag  Program.  If 
JO  =  0  on  the  Control  Flag  Card  then  the  Wing 
Area  Card  is  not  included  in  the  deck. 
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WINGS 


The  input  information  required  by  the  Aircraft  Geometry  Option  to  define  a 
wing  with  streamwise  airfoils  is  as  follows: 

1.  Number  of  airfoils. 

2.  Number  of  airfoil  percent-chord  points  used  to  define  the  airfoils. 

3.  A  table  of  percent-chord  locations  that  are  to  be  used  for  the 
airfoil  thickness  and  camber  distributions. 

4.  The  X-Y-Z  coordinates  of  the  leading  edge  of  each  airfoil. 

5.  The  chord  length  of  each  airfoil. 

6.  The  airfoil  ordinate  data  in  percent  of  chord  length  at  each  percent- 
chord  position  for  each  airfoil. 

7.  A  flag  to  indicate  when  camber  data  are  to  be  read  in  or  set  equal 
to  zero. 

8.  Camber  values  of  the  mean  camber  line  (AZ)  at  each  percent-chord 
location  for  each  airfoil. 

The  input  information  required  to  describe  a  wing  is  illustrated  in  Figure  8. 


Figure  8.  Wing  with  Streamwise  Airfoils. 
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Note  that  each  airfoil  lies  in  an  X-Z  plane  at  a  fixed  spanwise  station,  Y. 
This  will  pose  problems  in  some  applications  at  the  wing-fuselage  juncture, 
particularly  for  area-ruled  fuselages. 

The  Z-coordinates  of  each  surface  point  are  calculated  from  the  following 
relationship . 

Z  -  ZO  +  DZ  *  C  *  WAFORD(I.J)  +  TZORD(l.J). 

where 

Z  «  final  Z-coordinate  of  a  point  on  the  airfoil. 

DZ  «  upper  surface  -  lower  surface  factor. 

»  +1.0  for  upper  surface. 

=  -1.0  for  lower  surface. 

C  «  chord  length/100.0 

WAFORD  “  upper  airfoil  thickness  in  percent  of  chord  length 

subscript  I  =  the  airfoil  number  (=1  for  the  inboard  airfoil) 
subscript  J  *>  the  number  of  chordwise  location. 

TZORD  =  camber,  AZ. 

ZO  =  Z-coordinate  of  the  airfoil  leading  edge  point. 

The  order  of  the  generated  X-Y-Z  surface  points  is  shown  in  Figure  9a  for  the 
upper  surface  of  the  wing.  The  wing  lower  surface  is  shown  in  Figure  9b. 

In  the  wing  shown  in  Figure  9  there  were  seven  percent-chord  locations  from 
the  leading  edge  to  the  trailing  edge.  Since  each  element  data  card  generated 
(Type  3  card)  contai  \s  two  data  points,  three  and  one-half  cards  will  be 
required  for  the  root  upper  surface.  Rather  than  beginning  the  next  wing 
chord  on  the  last  half  of  the  third  card,  this  field  is  filled  by  a  dummy 
point  (point  8)  which  is  a  repeat  of  tha  trailing  edge  point  (point  7) .  This 
dummy  point  is  furnished  automatically  by  the  program  when  it  is  required  and 
permits  each  airfoil  to  be  started  on  a  new  card.  This  facilitates  the 
manual  manipulation  of  resulting  data  decks  to  meet  various  needs. 

The  wing  lower  surface  is  considered  as  a  new  vehicle  section.  To  obtain  the 
correct  "outward"  side  of  the  surface  the  generation  of  points  starts  at  the 
tip  rather  than  the  root  as  was  done  for  the  upper  surface.  Dummy  trailing 
edge  points  are  generated  just  as  was  done  for  the  upper  surface.  In  the 
example  shown,  point  1  will  have  a  Status  flag  of  2,  points  9  and  17  will  have 
Status  “  1,  and  all  the  rest  will  have  Status  =  0. 
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i  Note  that  a  surface  point  is  calculated  at  each  input  percent-chord  location 

|  for  each  airfoil.  The  number  of  percent-chord  locations  and  the  number  of 

,  airfoils  will  determine  the  number  of  surface  points  generated  and  the  number 

if  of  resulting  surface  elements.  In  the  example  shown  in  figure  9  a  total  of 

28  elements  were  generated  (including  4  that  result  from  the  dummy  trailing 
edge  points) . 
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WING  DATA  CARDS 


Wing  Percent-Chord  Location  Card(s)  ( 10F7 . 0 , 10X) 


Column  Code 

Routine 

Format 

Explanation 

1-7  XAF(l) 

AIRCFT 

Table  of  percent-chord  locations  that  are  to 

8-14  XAF(2) 
15-21  XAF(3) 
22-28  XAF(4) 
29-35  XAF(5) 
36-42  XAF(6) 
43-49  XAF(7) 
etc.  etc. 

10F7.0 

be  used  for  the  airfoil  thickness  and  camber 
coordinates .  Use  as  many  cards  as  required 
with  10  numbers  on  each  card.  Use  as  many 
fields  and  cards  as  is  specified  by  NWAFOR 
(Field  25-27)  on  the  Control  Flag  Card. 

Airfoil  Leading  Edge  Coordinate  Cards  (4F7,0,52X) 


1-7  WAFORG(I.l) 
8-14  WAF0RG(I,2) 
15-21  WAF0RG(I,3) 
22-28  WAF0RG(I,4) 
73-80 


AIRCFT  X-coordinate  of  the  airfoil  leading  edge. 
4F7.0  Y-coordinate  of  the  airfoil  leading  edge. 

Z-coordinate  of  the  airfoil  leading  edge. 
The  airfoil  streamwiae  chord  length. 

May  be  punched  WAFORGi,  where  i  denotes 
the  airfoil  number. 


Note:  Repeat  this  card  for  all  airfoils,  starting  with  the  inboard 
airfoil  and  working  to  the  outboard  tip  airfoil.  The  number 
of  these  cards  is  given  by  the  parameter  NWAF  (Field  23-24) 
on  the  Control  Flag  Card  and  must  not  be  greater  than  20. 


Wing  camber  Line  Cards  (10F7,0,10X) 

Not  required  if  J1  =  -1  on  the  Control  Flag  Card. 


1-7  TZORD(J.l) 
8-14  T7,ORD(J,2) 
15-21  TZ0RD(J,3) 
22-28  TZOBD(J,4) 
29-35  TZ0RD(J,5) 
36-42  TZ0RD(J,6) 
43-49  TZ0RD(J , 7) 
50-56  TZ0RD(J,8) 
57-63  TZ0RD(J,9) 
64-70  TZORD(J.IO) 
1-7  TZORD(J.ll) 
etc.  etc. 


AIRCFT  Camber  values  of  the  mean  camber  line  (AZ) 
10F7.0  at  each  percent-chord  location  for  each  air¬ 
foil.  Use  as  many  cards  as  required  with 
10  numbers  on  each  card.  Each  airfoil  must 
have  as  many  numbers  as  was  specified  by 
the  parameter  NWAF0R  in  field  25-27  on  the 
Control  Flag  Card,  There  will  be  as  many 
sets  of  these  cards  as  was  indicated  by  the 
parameter  NWAF  in  field  23-24  on  the  Control 
Flag  Card.  The  first  number  for  each  airfoil 
should  start  on  a  new  card.  The  identifica¬ 
tion  TZORDj  may  be  punched  in  card  columns 
73-80,  where  j  denotes  the  airfoil  number. 
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WING  DATA  CARDS  (continued) 


Wing  Airfoil  Ordinate  Cards  (10F7.0,10X) 

Column  Code  Routine  Explanation 

Format 


1-7  WAF0RD(J,1)  AIRCFT  Wing  airfoil  thickness  ordinates  as  a  percent 

8-14  WAF0RD(J,2)  10F7.0  of  chord  length  at  each  percent-chord  ordinate 

15-21  WAFORD(J,3)  position  for  each  airfoil.  Use  as  many  cards 

22-28  WATORDO  ,4)  as  required  with  10  numbers  on  each  card. 

29-35  WAFORD(J,5)  Each  airfoil  must  have  as  many  numbers  as 

36-42  WAF0RD(J,6)  was  specified  by  the  parameter  NWAFOR  in  field 

43-49  WAF0RD(J,7)  25-27  on  the  Control  Flag  Card.  There  will  be 

50-56  WAF0RD(J,8)  as  many  sets  of  these  cards  as  was  indicated 

57-63  WAF0RD(J,9)  by  the  parameter  NWAF  in  field  23-24  of  the 

64-70  WAFORD(J.IO)  Control  Flag  Card.  The  first  number  for  each 

1-7  WAF0RD(J,11)  airfoil  should  start  on  a  new  card.  The  iden- 

etc.  etc.  tification  WAFORDj  may  be  punched  in  card  col¬ 

umns  73-80,  where  j  denotes  the  airfoil 
number. 


FUSELAGE 


The  input  information  required  by  the  Aircraft  Geometry  Option  to  define  a 
fuselage  is  as  follows: 

1.  Fuselage  shape  flags  (circular,  arbitrary,  cambered). 

2.  Number  of  fuselage  segments  (1  to  4). 

3.  Number  of  Y-Z  coordinate  points  used  to  describe  an  X-cross  section 
for  each  fuselage  segment  (3  to  30) . 

4.  Number  of  X  cross  sections  to  be  used  for  each  fuselage  segment 
(2  to  30). 

5.  A  table  of  X-values  of  the  fuselage  cross  sections  for  each  fuselage 
segment. 

6.  Tables  of  Y-Z  values  t<>  describe  each  cross  section  for  arbitrary 
shaped  fuselage. 

7.  Fuselage  centerline  camber  distribution. 

8.  Cross-sectional  area  distribution  of  the  fuselage  if  it  is  circular. 

From  the  above  input  items  we  see  that  the  fuselage  may  be  circular  or  arbitrary 
in  cross  section,  may  have  camber,  and  may  be  made  up  of  as  many  as  four  seg¬ 
ments.  However,  a  single  fuselage  cannot  be  made  up  to  a  combination  of 
circular  and  arbitrary  cross  sections.  (This  comment  only  applied  for  a  single 
pass  into  the  Aircraft  Geometry  Option.  Multiple  entries  into  the  Aircraft 
Geometry  Option  from  the  Hypersonic  Arbitrary-Body  executive  main  program 
permits  an  unlimited  combination  of  program  capabilities.) 

The  order  of  the  generated  fuselage  coordinate  points  is  from  the  bottom 
around  to  the  top.  The  first  point  for  each  fuselage  segment  has  a  Status 
flag  of  2,  each  new  cross  section  starts  with  a  Status  of  1,  and  all  the  other 
points  have  Status  ■  0.  If  the  last  point  for  a  cross-section  fills  only  the 
left  half  of  the  Type  3  element  data  card,  a  dummy  point  is  generated  to  fill 
the  right  field  of  the  card.  Figure  10  shows  the  order  of  the  generated 
surface  points  for  an  arbitrarily  shaped  fuselage.  Only  two  fuselage  seg¬ 
ments  are  shown. 


FUSELAGE  DATA  CARDS 


Fuselage  X-Station  Card(s)  (10F7.0,10X) 

Column  Code  Routine  Explanation 

Format 


1-7  XFUS(I.l) 
8-14  XFUS (1,2) 
15-21  XFUS (I , 3) 
22-28  XFUS (I ,4) 
29-35  XFUS (I, 5) 
36-42  XFUS (1,6) 
43-49  XFUS (1,7) 
50-56  XFUS (I, 8) 
57-63  XFUS (1,9) 
64-70  XFUS (I, 10) 
1-7  XFUS (I, 11) 
etc.  etc. 


AIRCFT  Table  of  X-station  values  to  be  used  for 

10F7.0  first  fuselage  segment.  Use  as  many  cards 

as  required  with  10  numbers  on  each  card. 

The  number  of  cross  sections  used  must  be 
the  sane  as  indicated  by  the  parameter 
NFORX  on  the  Control  Flag  Card.  The  X-stations 
must  be  in  an  order  proceeding  from  the  front 
of  the  vehicle  to  the  rear. 

The  identification  XFUSj  may  be  punched  in 
card  columns  73-80,  where  j  denotes  the 
number  of  the  last  fuselage  station  given 
on  that.  card. 


Fuselage  Chamber  Card(s)  (10F7.0,10X) 


Required  only  if  J6  ■*  0  on  the  Control  Flag  Card 


1-7  ZFUS(I,1) 
8-14  ZFUS(I,2) 
15-21  ZFUS(I,3) 
22-28  ZFUS(I,4) 
29-35  ZFUS(I,5) 
36-42  ZFU5(I,6) 
43-49  ZFUS(I,7) 
50-56  ZFUS(I,8) 
57-63  ZFUS(I,9) 
64-70  ZFUS(I,10) 
1-7  ZFUS (I , 11) 
etc.  etc. 


AIRCFT  Fuselage  camber  distribution  for  first  fuse- 
10F7.0  lage  segment.  Use  as  many  cards  as  required 
with  10  maimers  on  each  card.  The  number  of 
camber  points  used  must  be  the  same  as  indi¬ 
cated  by  the  parameter  NFORX  on  the  Control 
Flag  Card.  For  an  arbitrarily  shaped  fuse¬ 
lage  this  parameter  will  not  actually  be  used 
in  generating  the  surface  coordinate  points. 
However,  if  the  parameter  J6  ■  0  on  the  Control 
Flag  Card,  then  the  appropriate  number  of  fuse¬ 
lage  camber  cards  must  be  present  in  the  deck 
(all  the  values  may  be  ■  0.0). 

The  identification  ZFUSj  may  be  punched  in 
card  columns  73-80,  where  j  denotes  the 
number  of  the  last  fuselage  station  given 
on  that  card. 


Fuselage  Cross-Section  Area  Oard(s)  (10F7,0,10X) 

Not  required  if  the  fuselage  is  arbitrary  in  shape  (if  ,J2  •  1) 


1-7  FUSARD(l.l)  AIRCFT 

8-14  FUSARD(I,2)  10F7.0 

15-21  FUSARD(I, 3) 

22-28  FUSARD(I,4) 

29-35  FUSARD(I,5) 
etc.  etc. 


A  table  of  fuselage  cross-sectional  area 
distribution  at  each  station  for  the  first 
fuselage  segment.  Use  as  many  cards  as 
required  with  10  numbers  on  each  card.  The 
number  of  points  used  must  be  as  indicated 
by  the  parameter  NFORX  on  the  Control  Flag 
Card.  The  identification  FUSARDj  may  be 
punched  in  card  columns  73-80,  where  j 
denotes  the  station  number. 
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FUSELAGE  DATA  CARDS  (continued) 


Fuselage  Y-Ordlnate  Card(s)  (10F7.0.10X) 


Used  for  arbitrarily  shaped  fuselage  only.  Do  not  use  these  cards  unless 
J2  *  1  on  the  Control  Flag  Card. 


Column  Code 


Routine 

Format 


Explanation 


1-7  YFUSY(I,J,1)  AIRCFT 
8-14  YFUSY (I ,  J ,2)  10F7.0 

15-21  YFUSY(I,J,3) 

22-28  YFUSY (I , J ,4) 

29-35  YFUSY (I ,  J ,5) 

36-42  YFUSY (I, J, 6) 

43-49  YFUSY (I, J, 7) 
etc.  etc. 


Y-ordinates  for  one  fuselage  cross  section, 
starting  at  the  bottom  and  going  around  to 
the  top  of  the  section.  Use  as  many  cards 
as  required  with  10  numbers  on  each  card. 

The  parameter  NRADX  on  the  Control  Flag  Card 
specifies  the  number  of  Y-ordinates  required 
for  each  cross  section.  Each  set  of  Y- 
ordinate  cards  are  followed  immediately  by 
a  Z-ordinate  set  of  cards  for  that  same 
cross  section.  The  number  of  ordinates  may 
range  from  3  to  30. 


Fuselage  Z-Ordinate  Card(s) 


(10F7.0.10X) 


Used  for  arbitrarily  shaped  fuselage  only.  Do  not  use  these  cards  unless 
J2  ■  1  on  the  Control  Flag  Card. 


1-7  ZFUSZ(1,J,1)  AIRCFT 
8-14  ZFUSZ(I,J ,2)  10F7.0 
15-21  ZF1JSZO  ,J,  J) 

22-28  ZFUSZ(1,J ,4) 

29-35  ZFUSZ (I ,J , 5) 

36-42  ZFUSZ (I, J, 6) 

43-49  ZFUSZ (I, J, 7) 

50-56  ZFUSZ(I,J,8) 

57-63  ZFUSZ ( I, j) 
etc.  etc. 


Z-ordinates  for  one  fuselage  cross  section, 
starting  at  the  bottom  and  going  around  to 
the  top  of  the  section.  These  Z-ordinates 
correspond  to  the  Y-ordinates  input  on  the 
Y-ordinate  card  described  above.  Use  as 
many  cards  as  required  with  10  numbers  on 
each  card.  The  parameter  NRADX  on  the 
Control  Flag  Card  specifies  the  number  of 
Z-ordinates  required  for  each  cross  section. 
Each  set  of  Z-ordinate  cards  must  be  right 
behind  the  corresponding  set  of  Y-ordiiate 
cards. 


Note:  Paired  sets  of  Y-ordinate  and  Z-ordinate  cards  are  repeated  for 

each  fuselage  cross  section  until  all  cross  sections  for  a  single 
fuselage  segment  are  read  in.  The  number  of  paired  sets  is  given 
by  the  parameter  NFORX  input  on  the  Control  Flag  Card. 


The  order  of  cards  for  the  second  fuselage  segment  is  the  same  as 
prepared  for  the  first  segment.  This  includes  fuselage  station, 
camber,  cross-section  area,  and  Y-Z  ordinates  for  each  fuselage 
segment. 
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PODS  OR  NACELLES 


A  pod  or  nacelle  1b  a  body  of  revolution  with  its  axis  arbitrarily  located 
with  reference  to  the  vehicle  axis  system.  This  increased  capability  has  been 
added  without  effecting  the  NASA  Wave  Drag  Progrnm  input  format  (the  NASA 
program  is  limited  to  having  the  pod  axis  parallel  to  the  vehicle  X-axis) . 

The  pod  is  defined  with  respect  to  its  own  coordinate  system  (X'-Y'-Z'), 
the  orientation  of  which  is  considered  to  have  been  achieved  through  a  yaw- 
pitch  sequence  of  rotations.  The  parameters  used  in  defining  the  pod  and  the 
formation  of  surface  elements  are  illustrated  in  Figure  11. 


The  Input  information  required  to  define  a  pod  or  nacelle  is  as  follows: 

1.  Number  of  pods  (up  to  9). 

2.  Number  of  stations  to  be  used  in  the  pod  radii  distribution  input 
(2  to  30).  This  is  the  same  for  all  pods. 

3.  The  X-Y-Z  coordinates  of  the  origin  and  end  of  each  pod  in  the 
vehicle  coordinate  system, 

4.  A  table  of  X-ordinates  (relative  to  pod  origin)  for  the  pod  radii 
distribution. 

5.  Pod  radii  distribution  for  each  pod. 


55 


The  order  of  the  generated  surface  points  is  from  the  bottom  around  to  the  top. 
The  first  point  of  each  pod  has  a  Status  of  2,  each  new  station  starts  with  a 
Status  of  1,  and  all  other  points  have  Status  -  0.  If  the  last  point  for  a 
station  fills  only  the  left  half  of  the  Type  3  Element  Data  Card,  a  dummy  point 
is  generated  to  fill  the  right  half  of  the  card.  When  the  pod  axis  lies  in 
the  X-Z  origin  plane,  only  half  the  pod  is  generated  (-90°  ^  w  ^  +90°) . 
Otherwise  elements  for  the  complete  pod  are  determined. 

In  addition  to  specifying  the  axis  orientation,  the  number  of  elements  in  180° 
may  also  be  specified.  If  this  expanded  capability  is  not  used  and  the  input 
fields  are  left  blank,  the  program  assumes  the  pod  axis  is  parallel  to  the 
vehicle  axis,  and  elements  are  generated  every  15°  in  m. 
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POD  AND  NACELLE  DATA  CARDS 


Pod  Origin  Card 
Column  Code 


( 3F7 .0 , 3X,I1 , 3X, 3F7 . 0 ,6X ,11 , 5X ,12) 

Routine  Explanation 

Format  _  _ 


1-7  PODORG(I , 1)  F7.0 

8-14  PODORG(I ,2)  F7.0 

15-21  PORORG (I , 3)  F7.0 

25  10  R  11 

29-35  P0D0RG(I ,4)  F7.0 

36-42  PODORG (1 ,5)  F7.0 

43-49  PODORG  (1, 6)  F'7.0 

56  I  EL  11 

62-63  NEL  12 

73-80 

Pod  X-Statlon  Card (s) 


X-coordinate  of  the  origin  of  the  first  pod 
with  respect  to  the  vehicle  coordinate  system 
origin. 


Y-coordinate  of  the  origin  of  the  first  pod 
with  respect  to  the  vehicle  coordinate  system 
origin. 


2-coordinate  of  the  origin  of  the  first  pod 
with  respect  to  the  vehicle  coordinate  system 
origin, 


Arbitrary  orientation  flag.  If  this  value 
does  not  equal  1,  fields  29-49  are  ignored 
and  the  pod  t.vis  is  assumed  parallel  to  the 
vehicle  X-axis. 


X-coordinate  of  the  end  point  of  the  first 
pod  with  respect  to  the  vehicle  coordinate 
system. 

Y-coordinate  of  the  end  point  of  the  first 
pod  with  respect  to  the  vehicle  coordinate 
system. 

2-coordinate  of  the  end  point  of  the  first 
pod  with  respect  to  the  vehicle  coordinate 
system. 

Element  number  flag.  If  this  value  does  not 
equal  1,  field  62-63  is  ignored  and  12  ele¬ 
ments  are  assumed  In  180°. 

Number  of  elements  in  180°  36). 

The  card  identification,  PODORGi  may  be  punched 
in  these  columns  where  i  denotes  the  pod 
number. 


(10F7.0.10X) 


1-7  XP0D(I , 1) 
8-14  XP0D(I,2) 
15-21  XPQD(I , 3) 
22-28  XP0D(1,4) 
29-35  XF0D(I,5) 
36-42  XPOD(I ,6) 
43-49  XP0D(I , 7) 
50-56  XFOD(I,8) 
57-63  XP0D(I,9) 
64-70  XP0D(I,10) 
1-7  XP0D(I , 11) 
etc.  etc. 


AIRCFT  Table  of  X-ordinates  (relative  to  pod  origin) 
10F7.0  to  be  used  for  the  pod  radii  distribution. 

Use  as  many  cards  as  required  with  10  numbers 
on  each  card.  The  number  of  cross  sections 
used  must  be  the  same  as  indicated  by  the 
parameter  NP0D0R  given  in  field  58-60  on  the 
Control  Flag  Card.  The  first  X-ordinate 
must  be  zero,  and  the  last  X-ordinate  is  the 
length  of  the  pod.  The  identification  XPODi 
may  be  punched  in  card  columns  73-80,  where 
i  denotes  the  pod  number. 


POD  AND  NACELLE  DATA  CARDS  (continued) 

Pod  Radii  Card(s)  (10F7,0,10X) 

Column  Code  Routine  Explanation 

_ _ _ Format _ _ _ 

1-7  P0DR(I,1)  AIRCFT  A  table  of  pod  radii  distribution  at  each  X- 

8-14  P0DR(I,2)  10F7.0  station  for  the  first  pod.  Use  as  many  cards 

15-21  P0PR(I,3)  as  required  with  10  numbers  on  each  card.  The 

22-28  PODR(I,4)  number  of  points  used  must  be  the  same  as  indi- 

29-35  PODR(I,5)  cated  t  the  parameter  NPODOR  given  in  field 

36-42  P0DR(I. ,6)  58-60  on  the  Control  Flag  Card.  The  identiiica- 

43-49  PODR(I,7)  tion  PODRi  may  be  punched  in  card  columns  73-80, 

etc.  etc.  where  i  denotes  the  pod  number. 

Note:  A  new  set  of  all  three  pod  input  card  sets  is  required  for  each  pod 
(a  maximum  of  9  are  provided  for).  Note  that  every  pod  uses  the 
same  value  for  the  parameter  NPODOR.  If  the  Y-ordinate  of  the  pod 
origin  is  0.0  then  only  half  of  the  symmetrical  centerline  pod  is 
generated.  If  the  Y-ordinate  is  not  equal  to  0.0  then  the  entire 
pod  will  be  generated. 


FINS 


Fins  are  defined  by  upper  and  lower  uncambered  airfoils.  Each  airfoil  lies 
in  an  X-Y  plane  at  a  fixed  vertical  distance,  Z.  This  restriction  may  pose 
problems  in  some  applications  at  the  fin  fuselage  juncture.  The  leading  edge 
of  each  airfoil  Is  .located  relative  to  the  coordinate  system  origin  by  input 
X-Y-Z  displacements.  For  fins  located  or  the  plane  of  symmetry  only  half  of 
the  surface  is  generated.  If  the  fin  is  located  off  the  plane  of  symmetry 
both  sides  will  be  generated.  The  generation  of  surface  points  and  elements 
follows  the  same  general  procedure  as  outlined  previously  for  the  wing. 

The  input  information  required  to  define  a  tin  is  as  follows: 

1.  Number  of  vertical  tins  (up  to  6). 

2.  Number  of  ordinates  used  to  define  each  fin  airfoil  section  (3  to  10) 

3.  The  X-Y-Z  coordinates  of  the  fin  lower  and  upper  leading  edges. 

4.  Chord  lengths  for  the  lower  and  upper  airfoils. 

5.  A  table  of  percent-chord  locations  that  are  used  to  define  airfoils. 

6.  A  table  of  airfoil  ordinates  as  a  percent  of  the  chord  length. 


The  input  and  formation  of  fin  surface  elements  are  illustrated  in  Figure  12. 


Figure  12.  Fin  Geometry  Generation. 


kin  data  cards 


Fin  Leading  Edge  Coordinate  Card  (8F7.0.24X) 

Column  Code  Routine  Explanation 

Fo  rma  t 


1-7  FINORG (N , 1 , 1)  A1RCFT 
8-14  FINORG(N ,1,2)  8F7.0 
15-21  FINORG (N, 1,3) 

22-28  FINORG(N ,1,4) 


X-coordinate 
Y-coordinate 
Z-coordinate 
Chord  length 


of  root  airfoil 
of  root  airfoil 
of  root  airfoil 
of  root  airfoil 


leading  edge, 
leading  edge, 
leading  edge. 


29-35  FINORG (N, 2,1) 
36-42  FINORG (N ,2,2) 
43-49  FINORG (N, 2, 3) 
50-56  FINORG (N, 2,4) 


X-coordinate 
Y-coordinate 
Z-coordinate 
Chord  length 


of  tip  airfoil 
of  tip  airfoil 
of  tip  airfoil 
of  tip  airfoil 


leading  edge, 
leading  edge, 
leading  edge. 


73-80 


The  card  identification  FINORGn,  where  n 
denotes  the  fin  number. 


Fia  Percent-Chord  Location  Card  (10F7.0,10X) 


1-7  XFIN(N.l) 
8-14  XFIN(N , 2) 
15-21  XFIN(N , 3) 
22-28  XFIN(N,4) 
29-35  XFIN (N , 5) 
36-42  XFIN (N , 6) 
43-49  XFIN(N,7) 
50-56  XFIN(N,8) 
57-63  XFIN(N , 9) 
64-70  XFIN(N.IO) 


AIRCFT  Table  of  percent-chord  locations  that  are  to 
10F7.0  be  used  for  the  airfoil  thickness  ordinates. 

Only  one  card  is  used  and  may  contain  up  to 
TO  numbers.  The  number  of  percent-chord 
locations  used  must  be  the  same  as  indicated 
by  the  parameter  NFINOR  in  field  64-66  on 
the  Control  Flag  Card.  The  card  identifica¬ 
tion  XFINn  may  be  punched  in  card  columns 
73-80,  where  n  denotes  the  fin  number. 


Fin  Airfoil  Ordinate  Card  (10F7.0.10X) 


1-7  FINQRD(N, 1)  AIRCFT 

8-14  FIN0RD(N, 2)  10F7.0 

15-21  FIN0RD(N , 3) 

22-28  FIN0RD(N ,4) 

29-35  FIN0RD(N, 5) 

36-42  FIN0RD(N , 6) 

43-49  FIN0RD(N,7) 

50-  56  FIN0RD(N , 8) 

57-63  FIN0RD(N ,9) 

64-70  FIN0RD(N, 10) 


Table  of  fin  airfoil  thickness  ordinates  as 
a  percent  of  chord  length  at  each  percent- 
chord  ordinate  position  for  the  fin.  Only 
one  card  is  used  and  may  contain  up  to  10 
numbers.  The  number  of  percent-chord  loca¬ 
tions  used  must  be  the  same  as  indicated  by 
the  parameter  NFINOR  in  field  64-66  on  the 
Control  Flag  Card,  The  card  identification 
FINORDn  may  be  punched  in  card  columns  73-80, 
where  u  denotes  the  fin  number. 


Note:  A  new  set  of  all  three  fin  input  cards  is  required  for  each  fin 
(a  maximum  of  6  are  provided  for) .  Note  that  every  fin  uses  the 
same  value  for  the  parameter  NFINOR.  If  the  Y-ordinates  of  the 
fin  leading  edge  are  input  as  0.0  only  half  of  the  symmetrical 
centerline  fin  is  generated.  If  the  Y-ordinates  of  the  leading 
edge  are  not  equal  to  0.0  then  the  entire  fin  will  be  generated. 
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CANARDS  OR  HORIZONTAL  TAILS 


Canards  or  horizontal  tails  are  defined  in  a  manner  similar  to  that  used  for 
fins  using  an  inboard  airfoil  and  an  outboard  airfoil.  Each  airfoil  lies  in 
an  X-Z  plane  at  a  fixed  Y  distance.  The  airfoils  may  be  symmetrical  or 
unsymmetrical.  Both  the  top  and  bottom  of  the  surface  will  be  generated  using 
the  same  proc  ’.dures  as  outlined  for  the  wing. 

The  input  information  required  to  define  a  canard  or  horizontal  tail  is  as 
follows : 

1.  Number  of  canards  (up  to  2). 

2.  Number  of  ordinates  used  to  define  the  canard  airfoils  (3  to  10), 

3.  The  X-Y-Z  coordinates  of  the  inboard  and  outboard  airfoil  leading 
edges . 

4.  Chord  lengths  of  the  inboard  and  outboard  airfoils. 

5.  A  table  of  percent-chord  locations  that  are  to  be  used  to  define  the 
airfoils. 

6.  A  table  of  airfoil  upper  surface  ordinates  as  a  percent  of  chord 
length.  If  the  airfoil  is  not  symmetrical  another  table  contains 
the  lower  surface  ordinates. 

The  generation  of  canard  and  horizontal  tail  surfaces  is  illustrated  in  Figure  13. 
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Figure  13.  Generation  of  Canard  and  Horizontal  Tail  Geometry 
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CANARD  DATA  CARDS 


Canard  Leading  Edge  Coordinate  Card  (8F7.0.24X) 

Column  Code  Routine  Explanation 

Format 


1-7  CANO RG(N, 1,1)  AIRCFT 
8-14  CAN0RG(N,1,2)  8F7.0 
15-21  CANORG(N,l,3) 

22-28  CANORG (N , 1 ,4) 


X-coordinate  of  inboard  airfoil  leading  edge. 
Y-coordinate  of  inboard  airfoil  leading  edge. 
Z-coordinate  of  inboard  airfoil  leading  edge. 
Chord  length  of  the  inboard  airfoil. 


29-35  CANORG (N, 2,1) 
36-42  CANORG (N ,2,2) 
43-49  CANORG (N, 2,3) 
50-56  CANORG (N , 2, 4) 


X-coordinate  of  outboard  airfoil  leading  edge. 
Y-coordinate  of  outboard  airfoil  leading  edge. 
Z-coordinate  of  outboard  airfoil  leading  edge. 
Chord  length  of  the  outboard  airfoil. 


73-80  The  card  identification  CANORGn  may  be  punched 

in  card  columns  73-80,  where  n  denotes  the 
fin  number. 


Canard  Percent-Chord  Location  Card  (10F7.0.10X) 


1-7  XCAN(N.l) 
8-14  XCAN (N ,2) 
15-21  XCAN (N, 3) 
22-28  XCAN (N, 4) 
29-35  XCAN (N, 5) 
36-42  XCAN (N, 6) 
43-49  XCAN (N, 7) 
50-56  XCAN (N, 8) 
57-63  XCAN (N , 9 ) 
64-70  XCAN (N, 10) 


AIRCFT  Table  of  percent-chord  locations  that  are  to 
10F7.0  be  used  for  the  airfoil  thickness  ordinates. 

Only  one  card  is  used  and  may  contain  up  to 
10  numbers.  The  number  of  percent-chord 
locations  used  must  be  the  same  as  indicated 
by  the  parameter  NCANOR  in  field  70-72  on  the 
Control  Flag  Card.  The  card  identification 
XCANn  may  be  punched  in  card  columns  73-80, 
where  n  denotes  the  canard  number. 


Canard  Upper  Ordinate  Card  (10F7.0,10X) 


Also  used  for  lower  surface  if  canard  is  symmetrical. 


1-7  CANORD(N.l) 
8-14  CAN0RD(N , 2) 
15-21  CAN0RD(N, 3) 
22-28  CANORD (N , 4) 
29-35  CANORD (N , 5) 
36-42  CANORD (N, 6) 
43-49  CANORD (N , 7) 
50-56  CANORD (N, 8) 
57-63  CANORD (N ,9) 
64-70  CAN0RD(N,10) 


AIRCFT  Table  of  canard  airfoil  thickness  ordinates 
10F7.0)  as  a  percent  of  chord  length  at  each  percent- 
chord  ordinate  position.  Only  one  card  is 
used  and  may  contain  up  to  10  numbers.  The 
number  of  percent-chord  locations  used  must 
be  the  same  as  indicated  by  the  parameter 
NCANOR  in  field  70-72  on  the  Control  Flag 
Card.  If  the  parameter  NCANOR  is  positive 
(+)  these  airfoil  ordinates  will  be  used  for 
both  the  top  and  bottom  of  the  canard.  The 
card  identification  CANORDn  may  be  punched 
in  card  columns  73-80,  where  n  denotes  the 
canard  number. 


If  the  canard  airfoil  is  not  symmetrical  the 
bottom  airfoil  thickness  ordinates  are  input 
of  the  following  card. 
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CANARD  DATA  CARDS  (continued) 


Canard  Lower  Ordinate  Card  (10F7.Q,10X) 

This  card  is  only  used  if  the  airfoil  is  not  symmetrical  (NCANOR  =  -) 

Column  Code  Routine  Explanation 

Format 


1-7  CANQR1(N, 1)  A1RCFT 

8-14  CAN0R1(N , 2)  10F7.0 

15-21  CAN0R1(N,3) 

22-28  CAN0R1(N,4) 

29-35  CAN0R1(N,5) 

36-42  CAN0R1(N,6) 

43-49  CAN0R1(N,7) 

50-56  CAN0R1(N,8) 

57-63  CAN0R1(N,9) 

64-70  CAN0R1(N, 10) 


Table  of  canard  airfoil  thickness  ordinates  for 
the  lower  surface  as  a  percent  of  chord  length 
at  each  percent-chord  ordinate  position.  Only 
one  card  is  used  and  may  contain  up  to  10  num¬ 
bers.  The  number  of  percent-chord  locations 
used  must  be  the  same  as  indicated  by  the  para¬ 
meter  NCANOR  in  field  70-72  on  the  Control  Flag 
Card.  The  parameter  NCANOR  must  be  negative. 
Both  the  upper  and  lower  thickness  ordinates  are 
input  as  positive  percent-of-chord  values.  The 
card  identification  CANORln  may  be  punched  in 
card  columns  73-80,  where  n  denotes  the  canard 
number . 


Note:  A  new  set  of  all  canard  cards  is  required  for  each  canard  (a 

maximum  of  2  canards  are  provided  for) .  Note  that  every  canard 
uses  the  same  value  for  the  parameter  NCANOR. 


GENERAL  AIRFOIL  SURFACES 


This  geometry  surface  type  may  be  used  to  generate  surfaces  that  are  defined 
by  ait  foil  sections  having  arbitrary  orientations  in  space.  The  airfoils  are 
not  confined  to  fixed  planes  as  was  the  case  for  the  wings,  fins  and  canards 
previously  described.  This  more  general  approach  permits  the  use  of  non- 
streamwise  airfoil  sections  and  is  useful  in  describing  intersecting  components 
such  as  the  wing  and  tail  fuselage  junctures.  Input  cards  for  this  surface 
type  cannot  be  used  as  input  to  the  NASA  Wave  Drag  Program. 

The  general  airfoil  surface  is  defined  by  connecting  two  or  more  airfoil  sec¬ 
tions  with  straight  lines.  The  orientation  of  each  airfoil  is  given  by 
coordinates  of  the  leading  and  trailing  edges  and  an  airfoil  rotation  angle. 

The  techniques  used  in  defining  these  airfoils  and  in  performing  the  neces¬ 
sary  transformation  to  obtain  the  required  Z-Y-Z  coordinates  in  the  vehicle 
coordinate  system  are  discussed  below. 

Each  airfoil  section  is  defined  relative  to  a  coordinate  system  fixed  within 
the  airfoil.  The  airfoil  thickness  displacements  may  be  measured  either  from 
the  mean-camber  line  along  a  line  perpendicular  to  the  airfoil  axis  or  on  a 
line  that  is  normal  to  the  mean  camber  line.  This  latter  method  is  used  in 
some  of  the  early  NASA  airfoil  documents.  All  airfoil  section  parameters  are 
expressed  as  a  percent  of  the  airfoil  chord.  The  parameters  used  In  defining 
an  airfoil  are  illustrated  in  Figure  14.  In  this  illustration  the  airfoil 
lies  in  the  n~5  plane. 
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Figure  14.  General  Airfoil  Coordinate  System. 
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The  input  information  required  by  the  Aircraft  Geometry  Option  to  define  a 
general  airfoil  surface  is  as  follows: 

1.  Number  of  airfoils. 

2.  Number  of  airfoil  percent-chord  points  used  to  define  the  airfoils. 

3.  Flags  to  control  the  thickness  distribution  type,  generation  of  tip 
and  root  closure  elements,  and  repetitive  use  of  mean  camber  line 
and  thickness  distributions. 

4.  A  table  of  percent  chord  locations  that  are  to  be  used  for  the 
airfoil  thickness  and  camber  distributions. 

5.  The  X-Y-Z  coordinates  of  the  leading  and  trailing  edge  of  each 
airfoil  section. 

6.  The  roll  angle  $  of  each  airfoil  section. 

7.  The  mean  camber  line  ordinates  in  percent-chord  at  each  percent 
chord  location  for  each  airfoil. 

8.  Thickness  distribution  in  percent  chord  at  each  percent-chord 
position  for  each  airfoil. 

The  roll  angle  <l>  is  input  explicitly  and  together  with  V  and  6  are  posi¬ 
tive  In  the  right-handed  sense  of  the  reference  system. 

Zero  values:  for  the  rotation  angles  indicate  the  airfoil  is  orientated  parallel 
to  the  X-Z  plane.  Zero  yaw  and  pitch  angles  aid  a  J  ?G  degree  roll  angle  gives 
an  airfoil  in  the  X-Y  plane  (such  as  a  vertical  tail  root  airfoil) . 

This  surface  type  differs  from  those  previously  described  in  that  repetitive 
use  may  be  made  of  the  arbitrary  airfoil  option  on  a  single  pass  into  the 
Aircraft  Geometry  Option.  This  stacking  option  allows  wings,  fins,  etc.  to 
be  generated  on  a  single  pass  into  the  Aircraft  Geometry  Option.  A  control 
flag  also  permits  repetitive  use  of  airfoil  data  for  subsequent  airfoils  to 
save  input  time  when  all  the  surface  airfoils  ere  identical.  Tip  and  root 
closure  elements  may  also  be.  generated  tc  give  a  complete3.y  enclosed  surface. 

The  arrangement  of  the  generated  X--Y-Z  surface  points  and  elements  is  similar 
to  the  procedure  outlined  for  the  wing  surface  with  the  exception  of  elements 
that  may  be  generated  to  close  the  tip  and  roof,  sections. 


*  * 


'TOr7 
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GENERAL  AIRFOIL  DATA  CAROL 


General  Airfoil  Control  Flag  Card  (22X.I3,  2(3X,I.2),  7(4X, II) ,2X,A4,4X) 

Column  Code  Routine  Explanation 

Format 


1-22 

Surface  Description  statement.  Any  acceptable 
machine  characters.  Not  used  by  the  program. 

23-25 

ISURF 

aircft 

13 

AIRCFT 

12 

Control  surface  deflection  flag  (=  0). 

29-30 

NAF 

Number  of  airfoils  used  to  describe  the  surface. 
-  2  to  20. 

34-35 

NAFORD 

AIRCFT 

12 

Number  of  percent-chord  points  used  to  define 
each  airfoil  section. 

=  3  to  30. 

40 

NCAM 

AIRCFT 

11 

Flag  for  mean  camber  line  distribution. 

=0  No  camber  data  will  be  input. 

=  1  Camber  data  will  be  input. 

45 

NACA 

AIRCFT 

11 

Airfoil  thickness  type  flag. 

■  0  Thickness  will  be  calculated  normal  to 
the  chord  line. 

*>  1  Thickness  will  be  calculated  normal  to 
the  mean  camber  line. 

*  2  Same  as  *  0,  but  camber  input  as  AZ. 

50 

IT  IP 

AIRCFT 

11 

Flag  for  closure  surface  at  the  tip. 

*  0  Do  not  generate  tip  closure  surface. 

=  1  Tip  closure  surface  will  be  generated. 

55 

I  ROOT 

AIRCFT 

11 

Flag  for  closure  surface  at  the  root. 

“0  Do  not  generate  root  closure  surface. 

=  1  Root  closure  surface  will  be  generated. 

60 

ISIMC 

AIRCFT 

11 

Flag  for  similar  camber  line  distribution. 

*  0  Each  airfoil  camber  line  will  be  input. 

*  1  Camber  line  distribution  will  be  the 

same  for  all  airfoils  and  need  by  input 
only  for  the  first. 
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ISIMT 

AIRCFT 

11 

Flag  for  similar  thickness  distribution. 

=  0  Each  airfoil  thickness  distribution  will 
be  input. 

=  1  Thickness  distribution  will  be  the  same 
for  all  airfoils  and  need  be  input  only 
for  the  first. 

70 

MORE 

AIRCFT 

11 

Flag  to  indicate  stacking  of  general  airfoil 
surfaces. 

*■=  0  This  is  the  last  surface. 

■=  1  Another  surface  follows  and  a  complete 
set  of  arbitrary  airfoil  input  cards  is 
expected  immediately  following  this  set. 

73-76 

SURFID 

AIRCFT 

A4 

Surface  identification  to  be  punched  in  fields 
71-76  of  the  output  element  data  Type  3  cards. 

Any  acceptable  machine  characters. 
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flinnuL  1JATA  CARDS  (continued) 


Airfoil  Percent-Chord  Location  Card(s)  (10K7.0,10X) 

Column  Code  Routine  F,xp lunation 

_ _ _  Format 


1-7  X0C(1) 

8-14  X0C(2) 
15-21  XOC ( 3) 
22-28  XOC (4) 
29-35  XOC (5) 
36-42  XOC (6) 
43-49  XOC (7) 
50-56  XOC (8) 
57-63  X0C(9) 
64-70  XOC (10) 

1-7  XOC (11) 
etc.  etc. 


A1RCFT  Table  of  percent-chord  locations  that  are  to 
10F7.0  be  used  lor  the  airfoi1  thickness  and  camber 
distributions.  Each  card  may  contain  up  to 
10  fields,  if  more  are  required  continue  with 
additional  cards  of  the  same  format.  Use  as 
many  fields  as  is  specified  by  NAFORD  (field 
34-35)  on  the  General  Airfoil  Control  Flag 
Card.  Maximum  number  of  fields  is  30  (3  cards). 

Fields  73-80  of  each  card  may  be  used  for 
identification. 


Airfoil  Orientation  Cards  (10F7.0,10X) 


1-7  AFORGU.l) 
8-14  AFORG(I,2) 
15-21  AFORG(I , 3) 
22-28  AF0RG(I ,4) 
29-35  AFORG(I,5) 
36-42  AF0RG(I,6) 
43-49  AF0RG(I , 7) 


AIRCFT 

10F7.0 


X-coordinate  of  the 
Y-coordinate  of  the 
Z-coordinate  of  the 
X-coordinate  of  the 
Y-coordtnate  of  the 
Z-coordinate  of  the 
Airfoil  roll  angle 


airfoil  leading  edge, 
airfoil  leading  edge, 
airfoil  leading  edge, 
airfoil  trailing  edge, 
airfoil  trailing  edge, 
airfoil  trailing  edge, 
in  degrees . 


73-80  May  be  used  for  identification. 

Mote;  Repeat  this  card  for  all  airfoils,  starting  with  the  inboard  root 
airfoil  and  working  to  the  outboard  tip  airfoil.  The  number  of 
these  cards  is  given  by  the  valje  of  NAF  (field  29-30)  of  the 
General  Airfoil  Control  Flag  Card  and  must  not  be  greater  than  20. 


Airfoil  Camber  Distribution  Cards  (10F7.0,10X) 


Required  only  if  NCAM  «  1  on  the  General  Airfoil  Control  Flag  Card.  If  NACA 
■  2,  use  wing  camber  cards  (see  p.  49) 


1-7  AFCAM(I.l) 
8-14  AFCAM(I,2) 
15-21  AFCAM(I , 3) 
22-28  AFCAM(I ,4) 
29-35  AFCAM(I,5) 
36-42  AFCAMU.6) 
43-49  AFCAM(I , 7) 
50-56  AFCAM(I,8) 
57-63  AFCAM(I,9) 
64-70  AFCAM(I ,10) 

1-7  AFCAM(I.ll) 
etc.  etc. 


AIRCFT  Mean  camber  line  distribution,  in  percent- 
10F7.0  chord,  at  each  percent-chord  location  XOC. 

Use  as  many  cards  as  required  with  10  numbers 
on  each  card.  Each  airfoil  must  have  as  many 
numbers  as  was  specified  by  the  parameter 
NAFORD  (field  34-35)  on  the  General  Airfoil 
Control  Flag  Card  (30  maximum).  There  will  be 
as  many  sets  of  cards  as  given  by  the  parameter 
NAF  (field  29-30)  on  the  General  Airfoil 
Control  Flag  Card.  The  first  value  for  each 
airfoil  should  start  on  a  new  card.  If 
parameter  ISIMC  ■  1  (field  60  of  General  Air¬ 
foil  Control  Flag  Card) ,  only  one  set  of  cards 
is  required.  Fields  73-80  may  be  used  for 
identification. 
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GENERAL  AIRFOIL  DMA  CARDS  (continued) 


Airfoil  Thickness  Distribution  Cards  (J0F7.0 ,10X) 

Column  Code  Routine  Explanation 

Format 


1-7  AFORD(l.l)  A1RCFT 

8-1 A  AFORD(I , 2)  10F7.0 

15-21  AF0RD(I,3) 

22-28  AFORD(I.A) 

29-35  AFORD(I , 5) 

36-A2  A1’0RD(I,  6) 

43-49  AFORD(I , 7) 

50-56  AF0RD(1,8) 

57-63  AF0RD(I,9) 

6A-70  AFORD( I , 10) 

1-7  AF0RD(I , 11) 
etc,  etc. 


Airfoil  tuickness  coordinates,  in  percent-chord, 
at  each  percent-chord  location  XOC.  lise  as 
many  cards  as  required  with  10  numbers  on  each 
card.  Each  airfoil  must  have  as  many  numbers  ns 
was  specified  by  the  parameter  NAFORD  (field 
34-35)  on  the  General  Airfoil  Control  Flag  Card 
(30  maximum).  There  will  be  as  many  sets  of 
cards  as  given  by  the  parameter  NAF  (field  29-30) 
on  the  General  Airfoil  Control  Flag  Card.  The 
first  value  for  each  airfoil  should  start  on  a 
new  card.  If  parameter  1SIMT  =*  1  (field  65  of 
General  Airfoil  Control  Flag  Card),  only  one  set 
of  cards  is  required.  Fields  73-80  may  be  used 
for  identification. 

Note:  Data  are  input  as  1/2  of  total  thickness 
values  (i.e,,  if  t/ctoC„i  **  0.04,  then 
input  AFORD  =  t/c  *  2.0%). 


AERODYNAMIC  PROGRAM  INPUT  DATA 


The  Aerodynamic  portion  of  the  program  contains  six  major  components. 

1.  Flow  Field  Analysis 

2.  Shielding  Analysis 

3.  Inviscid  Pressures 

4.  Viscous  Methods 

5.  Special  Routines 

6.  Streamlines 


Access  to  these  major  options  is  obtained  by  use  of  the  Aero  option  on  the 
System  Control  Card  input  to  the  Main  Executive  Routine.  AH  six  of  the 
above  major  options  are  controlled  by  an  executive  routine  called  AERO. 


The  input  data  to  the  AERO  executive  routine  includes  a  set  of  flags 
(IPG)  to  determine  the  sequence  of  calls  to  the  above  six  options.  Up 
to  20  calls  may  be  made  to  the  various  options  on  a  single  entry  Into 
the  AERO  executive  routine.  After  the  last  non-zero  option  is  executed 
the  program  will  return  to  the  Main  Executive  program.  The  basic  flight 
conditions,  vehicle  reference  dimensions,  and  the  angle  of  attack  and 
yaw  angle  cards  are  input  to  the  AERO  executive  routine  and  apply  for 
all  of  the  AERO  options  called  by  the  IPG  commands. 

Input  to  Aero  Executive  Routine 


to  System 


Column  Code  Routine 

Format 


Explanation 


1-60  TITLE  AERO  Title  to  be  printed  at  the  top  of  each  page  of 

15A4  the  output. 


Aero 

Flag  Card 

(2011) 

1 

IPG (1) 

AERO 

Aerodynamic  sub-options  to  be 

used  in  the  order 

11 

in  which  they  will  be  solved. 

Maximum  of  20. 

2 

IPG (2) 

-  1 

Flow  Field  Analysis. 

3 

IPG (3) 

■  2 

Shielding  Analysis. 

etc. 

i  etc. 

»  3 

Inviscid  Pressures. 

20 

IPG(?.0) 

"  4  Viscous  Forces. 

■  5  Special  Routines 

■  6  Streamlines 
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Flight  Condition  Card  (4F10. 0 , 1 1 , 12) 


Column  Code  Routine 

Fo  rma  t 


Explanation 


1-10  MACH 

11-20  ALT 


21-30  PSTAG 


31-40  TSTAG 

41  IGAS 

42-43  NAB 


AERO  Free-stream  Mach  number 

K10.0 

AERO  Flight  altitude  (feet).  If  input  as  less  than 

F10.0  -1000  (e.g.,  -2000,0)  free-stream  pressure  is 

input  in  place  of  PSTAG  (cc  21-30)  and  free- 
stream  temperature  is  Input  in  place  of  TSTAG 
(cc  31-40). 

AERO  Wind-tunnel  stagnation  pressure  (atmospheres) . 

F10.0  "  0.0  If  the  U.S.  1962  Standard  Atmospheric 

properties  are  to  be  used  at  the  input 
altitude. 

^0.0  Input  altitude  will  be  ignored  and  the 
input  stagnation  pressure  and  tempera¬ 
ture  will  be  used  to  calculate  tunnel 
Iree-stream  properties  (using  isentropic 
ideal-gas  relationships). 

AERO  Wind-tunnel  stagnation  temperature,  °F.  This 

F10.0  number  will  be  used  with  the  above  pressure  to 
calculate  the  tunnel  free-stream  properties. 

AERO  Gas  selection  flag. 

11  =■  0  Air  properties  will  be  used. 

«  1  Helium  proper! ies  will  be  used. 

AERO  Number  of  a-6  cards  to  be  read. 

12  A  maximum  uf  20  cuius  aie  peimiLLed. 


Reference  Dimension  Card  (6F10.0) 


1-10 

SREF 

AERO 
F10. 0 

Reference  area  for  the  force  coefficients 
(wing  area).  Must  be  in  units  consistent 
with  input  scaled  geometry  data. 

11-20 

MAC 

AERO 

F10.0 

Reference  length  to  be  used  in  pitching  moment 
calculations. 

21-30 

SPAN 

AERO 

F10.0 

Reference  length  to  be  used  in  rolling-and 
yawing-moment  calculations. 

31-40 

XCG 

AERO 

F10.0 

Longitudinal  position  of  center  of  gravity  for 
moment  calculations.  Note  that  XCG  will  fre¬ 
quently  be  input  as  a  negative  number  since 
the  negative  X-axis  is  usually  taken  as  directed 
from  the  nose  to  the  tail. 

41-50 

YOG 

AERO 

F10.0 

Lateral  position  of  the  center  of  gravity. 
Usually  0.0. 

51-60 

ZCG 

AERO 

F10.0 

Vertical  position  of  the  center  of  gravity. 
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The  number  of  these  cards  to  be  input  is  controlled  by  the  parameter  NAB. 
The  complete  set  of  a~$  cards  is  assumed  to  be  used  by  all  the  AERO 
options  (Flow  Field,  Inviscid  Pressures,  Viscous,  and  Special)  unless  the 
various  options  specify  otherwise. 


Column  Code 

Routine 

Format 

Explanation 

1-10  ALPHA(I) 

AERO 

F10.0 

Vehicle  angle  of  attack  (a) ,  deg. 

11-20  BETA (I) 

AERO 

F10.0 

Vehicle  sideslip  angle  (0).  Positive  with 
the  wind  striking  the  right  side  of  the 
vehicle,  deg. 

21-30  ROL(I) 

AERO 

F10.0 

Vehicle  roll  angle,  deg.  Positive  with 
right  wing  down. 

31-40  CDELTA(I) 

AERO 

F10.0 

Control  surface  deflection  angle. 

(Net  operational  in  Mark  IV  Mod  0  version) 

41-50  QI(I) 

AERO 

F10.0 

Vehicle  pitch  rate,  radians/sec. 

51-60  RI(I) 

AERO 

F10.0 

Vehicle  yaw  rate,  radians/sec. 

61-70  PI(I) 

AERO 

F10.0 

Vehicle  roll  rate,  radians/sec. 

Note:  The  above  parameters  are  stored  in  data  arrays.  A  maximum  of 
20  conditions  are  permitted. 


71 


If 


7'v  r' 


FLOW  FIELD  PRO'  .RAM  INPUT  DATA 


The  Flow  Field  nrogram  is  reached  by  way  of  sub-option  calls  from  the  Aero 
Executive  routine.  The  Flow  Field  Program  is  used  to  load  or  generate  local 
flow  fields  for  use  In  the  pressure  calculations  of  the  Inviscid  Force  option. 
The  Flow  Field  Program  stores  local  flow  field  data  on  the  Flow-Field  Data 
Storage  unit  using  mass  storage  (direct  access'  techniques.  The  unit  contain:' 
several  directory  tables  to  provide  the  necessary  pointers  to  each  level  of 
the  data.  These  include  a  Master  Directory,  an  u-3  directory  table  for  each 
data  set  (Mach  number)  that  provides  the  pointers  to  each  a-f?  set,  a  region 
directory  table  for  each  a-6  that  points  to  the  flow  field  table,  and  a  flow 
field  data  table  that,  points  to  each  type  of  flow  fielu  data  (i.e.,  flow 
field,  streamlines,  etc.).  It  is  very  important  to  be  thoroughly  familiar 
with  the  way  that  these  tables  are  generated  and  used.  Subroutine  FLOW 
should  be  studied  to  obtain  this  knowledge.  The  general  manner  in  which  the 
flow  field  information  is  generated  and  stored  is  summarized  by  the  diagram 
in  Figure  15.  The  organization  of  the  Flow  Field  Data  Directories  and  Tables 
is  shown  in  the  diagram  of  Figure  16.  The  detailed  card  input  requirements 
for  each  of  the  options  are  then  presented  on  the  following  pages. 
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Figure  15.  Input  Data  Logic  for  Flow  Field  Opt! 


FLOW  FIELD  DATA 


The  input  cards  described  below  control  the  generation  and  use  of  the 
Flow  field  storage  unit  directories  and  tables  and  the  pointers  that 
they  contain.  In  general,  options  are  provided  for  either  reading 
data  already  stored  on  the  unit  and  printing  them  on  the  output  unit 
for  inspection,  or  the  actual  loading  or  generation  of  the  flow  field 
data.  The  cards  described  below  are  concerned  with  the  generation 
and  use  of  the  directory  tables.  Subsequent  input  card  descriptions 
will  give  the  input  requirements  for  each  of  the  methods  actually  used 
in  loading  or  generating  the  flow  field  data  itself  using  the  directory 
tables  that  have  been  prepared. 

Master  Directory  Title  Card  (1I1,19X,10A4) 

Column  Code  Routine  Explanation 

Format 


1  MFLAG 


21-60  TITLEM 


FLOW  Master  directory  status  flag. 

II  =0  Set  up  complete  new  master 

directory  table. 

=  1  Directory  table  already  exists, 
so  just  use  old  pointers. 

FLOW  Master  directory  title.  This  title 

10A4  is  only  used  when  MFLAG  =  0. 


Master  Directory  Data  Set  Card  (211,  IX,  11,  F6.0,  10X,  10A4) 

This  card  is  used  to  establish  the  different  sets  of  data  (i.e., 
different  Mach  numbers) . 


1  LASTS  FLOW 

II 

2  NEWS  FLOW 

II 


4 

NSET 

FLOW 

11 

5-10 

MACH 

FLOW 

F6.0 

21-60 

TITLES 

FLOW 

10  A  4 

Last  set  flag. 

=  0  This  is  not  the  last  set  of  data. 

=  1  This  is  the  last  set  of  data. 

New  Set  Directory  flag. 

=  0  Set  up  a  new  Set  Directory  table. 

=  1  The  desired  Set  Directory  already 
exists  so  just  read  the  pointers 
to  get  to  the  desired  set. 

=  2  A  new  Set  Directory  will  be  added 
and  the  Master  Directory  pointer 
updated. 

Data  set  number.  Maximum  of  5  permited. 
(must  be  ™  1  if  NEWS  ■»  0) 

Mach  number.  This  does  not  have  to  be 
the  same  as  was  input  to  AERO. 

Set  directory  title.  This  title  is 
used  only  when  NEWS  =  0. 
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Column 

Code 

Routine 

Eo  rma  L 

Explanation 

a-$  Set  Directory 

Table  Card 

(211,12, 2F6.0,4X,10A4) 

1 

LASTAB 

FLOW 

11 

Last  a-6  set  flag. 

=  0  This  is  not  the  last  a-B  set. 

=  1  This  is  the  last  a-3  set. 

2 

NEWAB 

FLOW 

11 

New  a-B  set  flag. 

=  0  Set  up  a  new  a-B  sot  directory 
table. 

=  1  The  a~B  set  directory  table 
already  exists  so  just  read 
the  pointers  to  get  to  the 
desired  a-S  set. 

=2  A  new  a-B  set  will  be  added 

to  the  set  table  that  already 
exists. 

3-4 

IAB 

FLOW 

1  ' 

a-B  set  number.  Maximum  of  20  permited. 

5-10 

ALPHA 

FLOW 

F6.0 

Angle  of  attack,  a.  This  does  not  have 
to  be  the  same  as  was  input  to  AERO. 

11-16 

BETA 

FLOW 

F6.0 

Yaw  angle,  3-  This  does  not  have  to 
be  the  same  as  was  input  to  AERO. 

21-60 

TITLEA 

FLOW 

10A4 

Title  for  the  a-B  set  directory  table. 
This  title  is  only  used  when  NEWAB  =  0. 

Region  Directory  Table  Card 

(2I1,I2,4I1,12X,10A4) 

1 

LASTR 

FLOW 

11 

Last  flow  region  flag. 

=  0  Thio  is  not  the  last  flow  region. 
“  1  This  is  the  last  flow  region. 

2 

NEWR 

FLOW 

VZT! 

New  region  set  flag. 

-  0  Set  up  a  new  region  set  directory 

=  1  The  region  set  directory  table 
already  exists  so  just  read 
the  pointers  to  get  to  the 
desired  flow  region. 

=  2  A  new  flow  region  will  be 
added  to  the  region  set 
directory  table  that  already 
exists. 
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Region  Directory  Table  Card  (continued) 


Column  Code  Routine 

Format 


Explanation 


3-4  IREG 
5  IDTYP(l) 


6  ISORCE 


7  IRW 


21-60  TITLER 


FLOW 

12 

Flow 

region  number. 

FLOW 

Data 

type  flag. 

11 

-  1 

Flow  Field  data  will  be  read, 
loaded,  or  generated. 

=  2 

Surface  property  data  will  be 
read  or  loaded. 

=  3 

Streamline  data  will  be  read  i 
hand  loaded . 

=  4 

Shock  shape  data  will  be  read 
hand  loaded,  (not  active) 

FLOW  Flow  Field  data  source  flag.  Used  only 

11  if  IDTYP(l)  =  1. 

"  1  Data  are  to  be  input  using  the 
hand  loaded  flow  field  option, 
or  will  be  read  and  printed  out 
from  an  already  existing  data 
set  for  examination. 

=  2  Data  will  be  generated  using  the 
Shock-Expansion  option. 

=  3  Not  used  at  present  time. 

Reserved  for  use  in  downstream 
flow  field  generation. 

=  4  Data  will  be  generated  using  one 

of  the  Simple  Flow  Field  routines. 

FLOW  Data  read  or  write  flag. 

II  =0  Data  will  be  input  or  generated 

by  one  of  the  sub-options  and  the 
flow  field  data  saved  on  the 
storage  unit  (10). 

=  1  Data  will  be  read  from  the  flow 
field  data  save  unit  (10)  and 
written  out  on  the  output  file. 

FLOW  Title  for  the  region  directory  table. 

1QA4  This  title  is  only  used  when  NEWR  =  0. 


Note:  The  type  of  cards  expected  next  Is  determined  by  the  IDTYP(l) 
and  ISORCE  parameters. 


77 


■  i'  yi  Tjg  ■  tt+Tv.’ 


Hand-Load  Flow  Field  Option 


This  option  is  provided  as  a  means  of  inputing  flow-field  data  directly 
on  to  the  flow-field  data  storage  unit  (unit  10).  This  option  is  reached 
when  IDTYP(l)  =  1  and  1SORCE  =  1,  or  when  IDTYP(l)  »  3  on  the  Region 
Directory  Table  Ca  -d. 

Hand-Load  Data  Type  Flag  Card  (II) 

Column  Data  Routine  Explanation 

_  Format  _ 

1  IDTYP(2)  FFINPT  Data  type  flag. 

11  “1  Uniform  flow  field  data  are  to  be 

input  (1RW=0)  or  read  (IRW=1). 

*  2  Non-uniform  flow  field  data  are  to  be 
input  (IRV=0)  or  read  (IRW=1) . 


Flow  Field  Data  Load  of  Uniform  Flow  Field  (6F10.0) 
This  card  is  input  only  if  IDTYP(2)  “  1,  and  IRW  «*  0. 


1-10 

LINF(l) 

FFINPT 

F10.0 

Mlocal 

11-20 

DINF<2) 

FFINPT 

F10.0 

X  direction  cosine 
velocity  vector. 

component 

of 

local 

21-30 

DINF(3) 

FFINPT 

F10.0 

Y  direction  cosine 
velocity  vector. 

component- 

of 

local 

31-40 

DINF(4) 

FFINPT 
FIG  .0 

2  direction  cosine 
velocity  vector. 

component 

of 

local 

41-50 

DINF(5) 

FFINPT 

F10.0 

P, "  local. 

03 

51-60 

DINF(6) 

FFINPT 

F10.0 

T/T  local, 

oo 

Non-Uniform  Flow  Field  Data  Control  and  Plane  Orientation  Card 
<I1,4X,I1,4X,6F10.0) 

This  card  is  input  if  IDTYP(2)  *•  2,  and  TRW  a  0 


1 

NS  REG 

FFINPT 

11 

Number  of  sub-regions  (assumed  at  . 

6 

ITFLAG 

FFINFT 

11 

Data  uoimaliration  flag. 

•*  0  Data  =  fn  (A,R) 

=>  1  Data  =■  fn  <X,Y) 

=  2  Data  *»  fn  (X,2) 

11-20 

X0 

FFINPT 

F10.0 

X0  (see  Shock-Expansion  Flow  Field 
option,  page  82) 

21-30 

Y0 

FFINPT 

F10.0 

Y0 

31-40 

Z0 

FFINPT 

F10.0 

zt> 
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Non-Uniform  Flow  Field  Rata  Control  and  Plane  Orientation  Care] 


(continued) 

Column  Code 

Routine 

Format 

Explanation 

41-50 

PSI0 

FFINPT 

F10.0 

PS10 

51-60 

THET0 

FFINPT 

F10.0 

T!1ET0 

61-70 

PHI0 

FFT.NPT 

F10.0 

PKI0 

Sub-Region  Control  Card  (1112) 

This  curd  is  input  only  if  IDTYP(l)  ■  2,  and  IRW  ™  0. 


1-2 

1FC(1) 

FFINPT 

12 

Number  of  points  input  on  first  boundary. 
IFC(l)  S  50. 

3-4 

IFC(2) 

FFINPT 

12 

Number  of  points  on  the  second  boundary. 
IFC(2) 5  50. 

5-6 

IFC(3) 

FFINPUT 

12 

Number  of  points  on  the  third  boundary, 
(not  active  at  present  time) 

7-8 

1FC(4) 

FFINPT 

12 

Number  of  points  on  the  fourth  boundary, 
(not  active  at  present  time) 

9-1.0 

IFC(5) 

FFINPT 

12 

Number  of  remaining  internal  flow  field 
points . 

Note 

that  (lFC.+IFC^+IFC„+IFC/+IFCr>  3  100 
i  l  o  4  5 

11-12 

irod) 

FFINPT 

12 

Not  used  at  present  time. 

13-14 

IFD(2) 

FFINPT 

12 

Not  used  at  present  time. 

15-16 

IFD(3) 

FFINPT 

12 

Not  used  at  present  rime. 

17-18 

IFD(4) 

FFINPT 

12 

Not.  used  at  present  time. 

19-20 

IFD(5) 

FFINPT 

12 

Not  used  at  present  time. 

21-22 

ISECF 

FFINPT 

12 

Secondary  flow  flag. 

“  0  No  secondary  flow  is  present. 

•=  1  Yes,  secondary  flow  will  be  input. 

Note  that  the  above  card  is  followed  immediately 
by  the:  flow  field  data  cards. 


i 
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Flow  Field  Coordinate  and  Flow  Field  Data  Cards 


All  of  the  actual  flow-field  data  (both  boundary  data  and  flow  field 
values)  are  loaded  in  the  same  formaL.  The  number  of  data  points  in 
each  set  is  given  by  the  parameters  IFC(l) ,  IFC(2) ,  and  IFC(5) .  In  the 
present  program  IFC(3)  and  IFC(4)  are  not  active.  Each  data  poin'- 
consists  of  one  Flow  Field  Coordinate  Card  and  one  Flow  Data  Cara. 

Each  pair  of  cards  is  repeated  until  the  required  number  of  data  points 
has  been  read  in  as  required  by  the  IFC  counters.  Used  if  1DTYP(?)  =  2. 

Flow  Field  Coordinate  Card  (6F10.0) 


Column 

Code 

Routine 

Format 

Explanation 

1-10 

DATA(L) 

FFINPT 

F10.0 

X-coordinate  of  flow  field 

data  point. 

11-20 

DATA(2) 

FFINPT 

F10.C 

Y-coordinate  of  flow  field 

data  point. 

21-30 

DAT  A  (3) 

FFINPT 

F10.0 

Z-coordinate  of  flow  field 

data  point. 

31-40 

DATA(4) 

FFINPT 

F10.0 

A,  axial  distance  of  flow 

field  data  point. 

41-50 

DATA (5) 

FFINPT 

F10.0 

R,  radial  distance  of  flow 

field  data  point. 

51-60 

DATA (6) 

FFINPT 

F10.0 

PHI,  orientation  angle  of 
point,  in  degrees. 

flow  field  data 

Flow  Field  Data 

Card  (6F10 

.0) 

1-10  DATA (7) 

FFINPT 

F10.0 

^local* 

11-20  DATA(8) 

FFINPT 

F10.0 

X  direction  cosine 
velocity  vector. 

component 

of 

local 

21-30  DATA(9) 

FFINPT 

F10.0 

Y  direction  cosine 
velocity  vector. 

component 

of 

local 

31-40  DATA(10) 

FFINPT 

F10.0 

Z  direction  cosine 
velocity  vector. 

component 

of 

local 

41-50  DATA(ll) 

FFINPT 

F10.0 

P/P„  local. 

51-60  DATA (12) 

FFINPT 

F10.0 

T/T„  local. 

Note:  The  Sub-Region  Control  Card  and  the  required  number  of  pairs  of 

Flow  Field  Coordinate  and  Data  cards  are  repeated  until  the  rSECF 
parameter  on  the  Sub-Region  Control  Card  is  set  to  0.  If  NSREG  is 
greater  than  1,  then  this  entire  set  of  cards  is  repeated  again. 

This  process  is  repeated  until  the  number  of  sets  is  equal  to  NSREG. 
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Simple  Flow  Field  Option 

Hits  option  Is  provided  as  a  means  of  generating  uniform  flow  field  data 
using  the  compression,  Prandtl-Meyer  expansion,  cone,  and  Newtonian 
Prandtl-Meyer  routines  provided  .n  the  program.  The  basic  input  require¬ 
ments  include  the  freestream  Mach  number,  the  direction  cosine  components 
of  the  flow  field,  and  the  flow  turning  angle.  The  program  then  uses  one 
of  the  above  routines  to  calculate  the  local  Mach  number,  P/P^,  and  T/T^ 
values.  These  data  are  then  stored  on  the  flow  field  storage  unit  in  the 
same  format  as  would  be  used  if  they  had  been  input  using  the  Hand  Loaded 
Flow  Field  option.  Each  entry  to  the  Simple  Flow  Field  Option  generates 
one  flow  field  Region.  The  cards  below  are  input  only  if  IDTYP(l)  =  1, 
and  ISORCE  *4  on  the  Region  Directory  Title  Card. 

Simple  Flow  Field  Data  Source  Card  (II) 


Column  Code  Routine 

Format 


Explanation 


1  ISORCE 


FFSPEC 

II 


Simple  flow  field  selection  flag. 

*=  1  Wedge  compression. 

=  2  Prandtl-Meyer  expansion  from 
freestream  Mach  number. 

=  3  Cone  surface  flow  field. 

*  4  Newtonian  Prandtl-Meyer  flow 
field. 


Simple  Flow  Field  Data  Card  (6F10.0) 


1-10  DINF(l) 

FFSPEC 

F10.0 

Freestream  Mach  number 

11-20  DXNF(2) 

FFSPEC 

F10.0 

X  direction  cosine  component  of 
velocity  vector. 

local 

21-30  DINF ( 3) 

FFSPEC 

F10.0 

Y  direction  cosine  component  of 
velocity  vector. 

local 

31-40  DINF (4) 

FFSPEC 

F10.0 

Z  direction  cosine  component  of 
velocity  vector. 

local 

41-50  DINF(5) 

FFSPEC 

F10.0 

Flow  generating  turning  angle  from 
freestream  direction  required  to  give 
desired  local  flow  field  conditions. 

51-60  DINF (6) 

FFSPEC 

F10.0 

Field  angle  parameter  (not  used 
present  time). 

at 
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Sliock-Kxpang  Ion  Flow  Field  1  >pl Ion 

This  option  is  provided  as  a  means  of  generating  flow  field  data  for 
subsequent  use  in  the  inviucid  pressure  calculation  part  of  the  program. 
The  generated  flow  field  data  are  stored  on  unit  10  using  mass  storage 
(direct  access)  techniques.  The  shock-expansion  option  makes  use  o£ 
geometry  data  previously  stored  on  unit  A.  The  geometry  data  are  cut 
along  cutting  planes  to  determine  the  shock-expansion  solution  path. 

Tite  results  of  the  shock-expansion  calculations  in  terms  of  local 
surface  flow  properties  (Mach,  direction  cosine  components  of  the  local 
velocity  vector,  P/P„,,  and  T/T,,,)  are  then  stored  on  unit  10.  Unit  10 
also  contains  all  the  necessary  pointers  so  that  the  desired  flov  field 
regions  may  be  requested  and  retrieved  in  the  inviscid  pressure  i  art 
of  the  program. 

To  use  the  shock-expansion  flow  method  it  is  first  necessary  to  define  the 
flow  line  or  path  along  which  the  calculations  ere  made.  Ideally, 
such  a  path  should  be  a  streamline  but  this  is  not  known  a  priori. 
Therefore,  the  true  path  is  approximated  by  a  flow  line  defined  as  the 
intersection  of  a  plane  (referred  to  as  the  cutting  plane)  and  the 
surface  geometry.  As  an  example,  the  flow  lines  for  a  body  of 
revolution  are  defined  by  meridian  cutting  planes  about  the  body  axis. 

For  zero  angle  of  attack  flow,  these  flow  lines  are  identically 
streamlines.  For  flow  at  angle  of  attack,  these  flow  lines  simply 
provide  a  convenient  way  to  calculate  the  surface  properties.  The 
shock -expans ion  method  also  calculates  a  cross  flow  component  (to  the 
flow  lines)  and  an  accurate  estimate  to  the  true  streamline  shape  may 
be  made  using  the  Surface  Streamline  Option.  Further  discussions  of 
the  shock-expansion  and  cutting  plane  terminology  are  presented  below. 


Cutting  Plane  Orientation.  Two  classes  of  cutting  planes  may  be  selected: 
meridian  and  parallel  cuts.  The  cutting  planes  are  defined  with 
respect,  to  an  axis  whose  orientation  may  be  arbitrarily  specified  in 
the  reference  geometry  (body)  coordinates.  The  cutting  plane  axis  is 
initially  assumed  to  be  coincident  with  the  reference  X-axis  and  is 
defined  by  a  translation  (X0,  Yc,  Z0)  from  the  reference  coordinate 
origin,  a  rotation,  ip  about  the  Z-axis,  and  a  rotation  60  about  the 
YP-axis  (see  Figure  17). 


An  initial  value  of  the  meridian  angle  may  also  be  input.  This  is 
simply  a  convienence  as  th*»  shock-expansion  calculations  are  made  with 
reference  to  the  most  windward  plane.  All  cutting  planes  will  b« 
perpendicular  to  the  YP ,  ZP  plane  (P  simply  denotes  prime).  Parallel 
cutting  planes  will  be  parallel  to  the  XP-axiB  and  meridian  planes 
will  contain  the  XP-axis. 


Meridian  Cutting  Planes.  Meridian  planes  are  specified  by  a  rotation, 
<f,  about  the  XP  axis,  if  0  being  the  negative  ZP-plane.  Meridian 
planes  may  be  specified  individually  ($  input  in  ascending  order)  or 
selected  as  equally  spaced.  In  the  latter  case, 


<KD  =  *0+  (i-D  *  ;  1=1,  npl 

where  NPL  is  the  number  of  cutting 
planes  and 

A<j>  =  360  /  NPL 

Meridian  planes  are  "one-sided"  in  that 
intersections  with  the  surface  are  found 
only  at  <t>  and  not  at  $  +  180°  . 


ZP 


Some  care  must  be  taken  in  defining  the  cutting  plane  axis  in  relation 
to  the  surface  geometry.  Consider  the  example  shown  below  of  a  cambered 
or  inclined  fuselage. 


If  the  axis  for  the  meridian  planes  is  specified  coincident  with  the 
X-axis  (\JiQ  »  0,  60  =  0) ,  meaningless  results  will  be  obtained  for  the 
flow  lines  aft  of  the  location  at  which  the  body  is  below  the  X-axis. 
Correct  orientation  of  the  XP-axis  in  this  case  would  be  at  a  negative 
0o ,  passing  through  the  nose  and  the  trailing  edge  points. 


I 


-Si 


► 

r  9 


In  general,  the  meridian  axis  should  everywhere  be  interior  to  the 
surface  in  question.  While  radial  symmetry  between  if  and  fi-1800 
planes  is  not  conserved,  the  angular  relationship  between  successive 
segments  of  the  flow  line  is  maintained,  which  is  the  important  quantity 
in  the  shock-expansion  method. 


ZP 


Parallel  Cutting  Planes.  Parallel  cutting 
planes  are  inc.1  ined  to  the  ZP-axis  at  a 
constant  angle  <£c  ,  and  may  also  be  input 
individually  or  selected  as  equally  spaced. 
The  positions  (XN,YN,ZN)  of  the  parallel 
planes  are  input  in  reference  coordinates 
(X,Y,Z)  and  are  automatically  transformed 
to  the  cutting  plane  coordinates  (XP,YP, 

ZP) .  If  equal  spacing  is  selected,  the  two 
end  points  are  input  and  the  planes  are 
located  at 


YPA(I)  =  YPA(l)  +  U-D*  AYPA  ;  I  =  1,  NPL 
where 

AYPA  =  {YPA(NPL)  -  YPA(l) }  /  (NPL-1) 

The  notation  YPA  refers  to  the  YP  position 
of  the  YP-axis. 


Parallel  cutting  planes  are  "two-sided"  in 
that  intersections  with  the  surface  are 
found  at  both  <f  and  4>c  +  180°.  Wing-like 
components  should,  therefore,  be  defined  in 
separate  groups  of  upper  surface  panels  and 
lower  surface  panels. 


Flow  Line  Shapes  and  Data  Ordering.  The  flow  lines  are  defined  by  the 
intersections  of  the  cutting  planes  with  the  surface  geometry.  Eefore 
the  shock-expansion  calculations  can  proceed,  the  intersections  are 
arranged  in  ascending  order  of  the  axial  coordinate  A,  defined  positive 
in  the  flow  direction  (i.e.,  A  =  -XP) ,  and  duplicate  points  are  eliminated. 


Two  input  parameters,  XI  and  X2,  are  provided  as  a  means  to  limit  the 
extent  of  the  flow  field  to  be  saved  on  unit  10.  This  may  be  useful, 
for  example,  in  considering  a  local  region  of  a  flow  line  which  could 
only  be  obtained  from  a  geometry  panel  input  over  a  larger  extent. 

More  importantly,  it  is  necessary  to  avoid  multiple  points  on  the  cutting 
plane  axis.  That  is,  to  eliminate  the  nose  point  and  trailing  edge  point 
of  pointed  bodies  (e.g.,  the  previous  sketch  of  an  inclined  body).  Each 
meridian  flow  line  would  contain  these  points  and  since  they  are  on  the 
XP-axis  it  is  impossible  to  establish  the  $  coordinate.  This  is  of  no 
consequence  to  the  actual  Bhock- expans ion  calculations  (as  in  fact  they 
are  included)  but  is  important  if  the  flow  field  data  are  saved  for 
subsequent  streamline  or  force  calculations. 


Symmetry  Considerations.  Most  configurations  are  loaded  with  Y-symmetry 
(geometry  input  flag  SYMFCT  =  0)  and  only  one  side  is  acutally  loaded. 

In  addition,  many  runs  are  made  with  zero  yav  (Beta  =  0)  and  calculations 
need  only  be  made  on  the  input  half  of  the  configuration  (total  forces 
are  obtained  by  simply  doubling).  Because  of  the  frequency  of  this  type 
of  calculation  ,  it  is  considered  a  normal  run  and  the  input  parameter 
1SYM  =  0  on  the  Cutting  Plane  Control  Card.  If  on  the  other  hand,  a 
symmetric  configuration  is  run  in  a  yawed  flow,  ISYM  =  1  will  automatically 
reflect  the  geometry.  The  ISYM  flag  has  no  effect  on  a  non- symmetric 
configuration  (SYMFCT  *1,  both  sides  input). 


Shock  Expansion  Flow  Field  Control  Card  (511 ,5X,2F10.0) 

Column  Code  Routine  Explanation 

Format 


1  IFLG(l) 


2  IFLG(2) 


3  IFLG(3) 


4  IFLG(4) 


FFBODY 

Body  slope  flag. 

11 

=  0  Use  linear  slope 

calculation. 

=  1  Use  circular-arc 
(routine  CADA) . 

calculation 

FFBODY 

Surface  data  flag. 

11 

■=  0  A  new  surface  line  will  be  generated 

using  routine  MERID. 

=  1  Previous  surface  data  will  be  used. 
All  other  shock-expansion  cards 
are  not  input. 


FFBODY 

II 


Solution  type  flag. 

=  0  First  order  shock-expansion  method 
will  be  used  with  tangent-wedge  or 
Prandtl-Meyer  starting  conditions. 

=  1  Second  order  shock-expansion  method 
with  cone  flow  starting  solutions 
from  A.R.C.  report  C.P.  No.  792. 

-  2  Second  order  shock-expansion  method 
with  Jones'  cone  flow  starting 
solutions.  Best  method  for  lee 
side  flow. 

=  3  First  order  shock-expansion  method 
with  cone  flow  starting  solutions 
from  A.R.C.  report  C.P.  No.  792. 

=  4  First,  order  shock-expansion  method 
with  Jones'  cone  flow  starting 
solutions. 


FFBODY  Shock  calculation  flag. 

11  =  0  No  shock. 

**  1  Shock  calculation  using  shock- 
expansion. 

=  2  Shock  calculation  using  empirical 

formulas  (not  active  at  present  time) . 
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Shock  Expansion  Flow  Field  Control  Card  (continued) 


Column 

Code 

Routine 

Format 

Explanation 

5 

IFLG(5) 

FFBODY 

11 

Detail  print  flag. 

*  0  Do  not  print  detailed  data. 

=  1  Print  detailed  shock-expansion 
results. 

11-20 

XI 

FFBODY 

F10.0 

Desired  forward  X-limit  of  the  flow 
field  data. 

21-30 

X2 

FFBODY 

F10.0 

Desired  aft  X-limit  of  the  flow  field 
data. 

Cuttini 

i  Plane  Control  Card 

(1012,12,211) 

This  card  is  input 

only  if  IFLG(2)  >»  0. 

1-2  IPANL(l) 

3-4  IPANL(2) 

5-6  IPANL(3) 

7-8  IPANL(4) 
9-10  IPANL(5) 
11-12  TPANL(6) 
13-14  iPANL<7) 
15-16  IPANL(8) 
17-18  IPANL(9) 
19-20  IPANL(IO) 

HE  RID 
1012 

Panel  number  to  be  used  by  cutting  plane 
routine  to  establish  surface  paths  for 
the  shock-expansion  calculations .  A 
total  of  10  panels  may  be  used  for  one 
flow  field  calculation. 

21-22 

NPL 

MERID 

11 

Number  of  cutting  planes  to  be  used 
<S  36) . 

23 

INPHI 

MERID 

11 

Cutting  plane  type  flag. 

“  0  Meridian  cuts,  equally  spaced. 

■  1  Meridian  cuts,  position  input. 

“  2  Parallel  cuts,  equally  spaced. 

-  3  Parallel  cuts,  position  input. 

24 

ISYM 

MERID 

11 

Beta-symmetry  flag.  This  flag  is 
applicable  only  when  panel  geometry  is 

symmetrical  (SYMFCT  «■  0)  • 

-  0  Yaw  angle,  Beta  =  0.0. 
■  1  Yaw  angle,  Beta  +  0.0. 


b 


Cutting  Plane  Origin  and  Orientation  Card  (6F10.0) 


Input  only  if 

IFLG(2)  -  0. 

Column 

Code 

Routine 

Format 

Explanation 

1-10 

XP0 

MERID 

F10.0 

X0  (scaled  coordinates) 

11-20 

YP0 

MERID 

F10.0 

Y0 

21-30 

ZP0 

MERID 

F10.0 

Z0 

31-40 

PSI0 

MERID 

F10.0 

PS  10 ,  4iq  ,  degrees 

41-50 

THET0 

MERID 

F10.0 

THET0,6q  ,  degrees 

51-60 

PHI0 

MERID 

F10.0 

PHI0,  <f>0  ,  degrees 

Meridian  Planes  Input  Position  Card  (6F10.0) 

Input  only  if  Iflg(2)  -  0, 

This  card  is  input  only  if  INPHI  *=  1.  Input  6  points  per  card. 

The  number  of  points  is  equal  to  NPL. 

1-10  PHI(l)  MERID  Meridian  angles  in  degrees. 

6F10.0  Must  be  in  ascending  order. 

11-20  PHI (2) 

21-30  PHI (3) 

31-40  PHI (4) 

41-50  PHI (5) 

51-60  PHI(6) 

Use  more  carda  until  PHI (NPL)  is  reached. 

Parallel  Planes  PHI  Card  (1F10.0) 

This  card  is  input  only  if  INPHI  -  2  or  3,  and  IFLG(2)  -  0. 

1-10  PHICD  MERID  Plane  angle  in  degrees. 

F10.0  (  *  0*0  for  parallel  streamwise  cuts 

on  a  wing) . 
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Parallel  Planes  Input  Position  CardB  ( 3F10 . 0) 


These  cards  are  Input  only  if  IFLG(2)  -  0  and  JLNPHI  »  2  or  3,  If  INPHI  -  2 
then  two  of  these  cards  will  be  read.  If  INPHI  “  3  then  the  number  of  these 
cards  must  be  equal  to  the  parameter  NPL  input  on  the  Cutting  Plane  Control 
Card. 

Column  Code  Routine  Explanation 

Format  _  _  _ 


1-10  XN  MERID  The  coordinates  in  the  reference  coordinate 
13-20  YN  3F10.0  system  (body  coordinates)  through  which  the 
21-30  ZN  cutting  plane  will  pass. 
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Surface  Data  Transfer  Option 


This  option  is  used  to  transfer  surface  data  (that  has  been  generated 
and  stored  on  unit  4  by  FORCE)  to  the  flow  field  unit  10.  This  puts  the 
data  on  unit  10  in  the  proper  format  ready  for  use  in  streamline 
calculations.  This  option  may  also  be  used  to  hand  load  surface  data 
on  to  unit  10.  The  Surface  Data  Transfer  Option  is  exercised  only  if 
IDTYP(l)  *  2  on  the  Region  Directory  Table  Card.  If  IRW  -  1  then  this 
option  may  be  used  to  read  and  priqt  out  surface  data  previously  stored 
on  unit  10. 


Flow  Field  Control  and  Plane  Orientation  Card  (I1,I4,I1,4X,6F10.0) 
This  card  is  input  only  if  IDTYPd)  «  2  and  X.RW  **  0. 

Column  Code  Routine  Explanation 

Format 


.1  NSREG 

FFSURF 

11 

Total  number  of  sub-regions  to  be  loaded 
from  unit  4  to  unit  10  or  hand  loaded 
(assumed  at  least  “  1). 

2-5  IFC1 

FFSURF 

14 

Number  of  data  points  to  be  read.  If 
input  «  0  then  the  data  will  be  read 
from  unit  4  and  loaded  on  to  unit  10. 

If  input  0  0  then  this  number  of  data 
points  (-1FC1)  will  be  read  from  the 
input  unit  (hand  loading  of  surface  data) 

6  ITFLAG 

FFSURF 

11 

(not  used  at  present  time) 

11-20  DAT ( 1) 

FFSURF 

F10.0 

X0  (see  Shock  Expansion  Flow  Field 
option,  page  82) 

21-30  DAT(2) 

FFSURF 

F10.0 

Y0 

31-40  DAT (3) 

FFSURF 
F10 .0 

Z0 

41-50  DAT (4) 

FFSURF 

F10.0 

PSI0 

51-60  DAT (5) 

FFSURF 

F10.0 

THET0 

61-70  DAT (6) 

FFSURF 

F10.0 

PHI0 

Hand  Loaded  Surface  Property  Data  Cards 


These  cards  are  used  to  hand  load  surface  property  data  directly  on 
the  flow  field  unit  10.  These  cards  are  input  only  if  IFC1  j*  0.  The 
general  format  of  the  cards  is  the  same  as  is  used  for  loading  Flow 
Field  Data  (Flow  Field  Coordinate  and  Data  Cards) .  Two  cards  are 
required  for  each  data  point.  The  first  card  contains  the  X,Y,Z  coor¬ 
dinates  and  the  second  card  has  the  surface  velocity  vector  data.  Each 
pair  of  cards  is  repeated  until  the  required  number  of  data  points  has 
been  read  in  as  required  by  the  1FC1  counter. 

Surface  Dat.<  Coordinate  Card  (fiFtO.O) 


Col  min  Code  Routine 

_  Format 


Explanation 


1-10 

DATA(l) 

FFSURF 

F10.0 

X-coordinate 

of 

the 

surface. 

data  point. 

11-20 

DATA(2) 

FFSURF 

F10.0 

Y-coordinate 

of 

the 

surface 

data  point. 

21-30 

DATA  (3) 

FFSURF 

F10.0 

Z-coordinate 

of 

the 

surface 

data  point. 

31-40 

DATA(4) 

FFSURF 

F10.0 

(not  used) 

41-50 

DATA(j) 

FFSURF 

F10.0 

(not  used) 

51-60 

DATA(6) 

FFSURF 

F10.0 

(not  used) 

Surface  Data  Property  Card  (6F10.C) 


1-10 

DATA(7) 

FFSURF 

F10.0 

Surface  Mach  number. 

11-20 

DATA(8) 

FFSURF 

F10.0 

X-direction  cosine  component 
surface  velocity  vector. 

of 

the 

21-30 

DATA(9) 

FFSURF 

F10.0 

Y-direction  cosine  component 
surface  velocity  vector. 

of 

the 

31-40 

DATA (10) 

FFSURF 

F10.0 

Z-direction  cosine  component 
surface  velocity  vector. 

of 

the 

41-50 

DATA (11) 

FFSURF 

F10.0 

P/Pw  at  the  surface  point. 

51-60 

DATA (12) 

FFSURF 

F10.0 

T/Tm  at  the  surface  *point. 

If  this  option  is  used,  then  the  number  of  sets  of  these  data 
furnished  after  the  "Flow  Field  Control  and  Orientation  Card" 
must  be  -  NSREG. 


Surface  Data  Panel  Selection  Card  (1012) 


This  card  is  used  when  surface  data  are  to  be  transfered  from  unit  4 
to  unit  10  by  the  FFSURF  routine.  Tills  card  1b  input  if  IFC1  -  0  on 
the  Flow  Field  Control  and  Plane  Orientation  Card.  The  parameters 
input  on  the  Surface  Data  Panel  Selection  Card  identify  the  geometry 
panel  numbers  on  unit  4  (that  also  have  had  surface  data  stored  by 
the  FORCE  routine)  that  are  to  be  grouped  together  to  form  the  surface 
data  region.  In  subsequent  streamline  calculations  each  surface  sub- 
region  set  of  data  are  fit  at  one  time  with  the  surface  spline  routine 
for  interpolation  purposes.  It  is  therefore  important  that  the 
geometry  panels  grouped  together  form  a  regular  turface  (one  that  does 
not  have  rapid  local,  changes  in  character  that  might  fool  the  surface 
spline  routine  and  give  bad  interpolation  values). 


Column  Code  Routine 

Format 


Explanation 


1-2 

IPANL(l) 

FFSURF 

12 

3-4 

IPANL(2) 

FFSURF 

12 

5-6 

IPANL(3) 

FFSURF 

12 

7-8 

IFANL(4) 

FFSURF 

X2 

9-10 

IPANL(S) 

FFSURF 

12 

11-12 

IPANL(6) 

FFSURT 

12 

13-14 

IPANL(7) 

FFSURF 

12 

15-16 

IPANL(8) 

FFSURF 

12 

17-18 

IPANL(9) 

FFSURF 

12 

19-20 

IPANL(IO) 

FFSURF 

12 

Panel  number  of  geometry  data  on  unit  4 
(including  surface  velocity  vector  data) 
to  be  grouped  to  form  a  sub-region  on  the 
flow  field  storage  unit  10.  A  total  of 
10  panels  may  be  used  for  one  sub-region. 


If  this  option  is  used,  then  the  number  of  these  cards  is  equal  to 
NSREG. 


9J. 


Surface  Streamline  Option 


The  Surface  Streamline  Program  is  reached  by  way  of  sub-cption  calls 
from  the  Aero  Executive  routine.  This  option  may  be  used  to  calculate 
streamlines  on  the  vehicle  surface  for  subsequent  use  in  viscous 
computations.  The  streamline  program  makes  use  of  surface  velocity 
vector  data  that  has  been  previously  stored  on  the  Flow  Field  Data 
Unit  10.  It  is,  therefore,  necessary  that  the  proper  options  be  called 
and  executed  to  prepare  these  data  before  the  Streamline  Option  is 
called.  It  is  also  necessary  that  the  Streamline  Option  be  called 
and  executed  before  a  Viscous  Option  requiring  streamline  data  is 
called. 

For  streamline  calculations  to  be  performed  it  is  first  necessary 
to  generate  surface  velocity  vector  data  over  the  vehicle  component 
being  studied.  One  way  to  accomplish  this  is  to  have  the  velocity 
vector  duta  calculated  within  the  Inviscid  Pressure  Option  of  AERO. 

The  Surface  Data  Transfer  Option  of  the  Flow  Field  part  of  the  program 
may  then  be  used  to  transfer  these  data  from  unit  4  to  the  proper 
format  required  on  unit  10.  The  sequence  of  options  required  to 
use  this  approach  is  as  follows: 

1.  Geometry  data  are  generated  or  stored  on  unit  4  by  the  Geometry 
Option. 

2,  The  Inviscid  Pressure  Option  of  AERO  is  then  used  to  calculate 
the  surface  velocity  vector  distribution  over  each  vehicle  panel 
(using  Newtonian  theory  for  the  velocity  vector  and  whatever 
impact  and  shadow  pressure  methods  desired  to  obtain  the  local 
Mach  number,  pressure,  and  temperature).  These  data  are  saved 
back  on  unit  4  right  along  with  the  original  geometry  data. 

3,  The  Surface  Data  Transfer  Option  of  the  Flow  Field  section  of 
the  program  is  then  used  to  transfer  the  local  surface  data 
on  to  the  regular  Flow  Field  Data  Storage  unit  I"1  in  a  format 
consistent  with  all  of  the  other  flow  field  data  (and,  therefore, 
suitable  for  use  by  the  surface  spline  interpolation  routines). 

4.  The  Surface  Streamline  Option  is  then  called  to  perform  the 
actual  streamline  computations. 

It  is  also  possible  to  obtain  the  local  surface  property  data  for  the 
streamline  calculations  in  another  manner.  Or,  to  be  more  precise, 
it  is  possible  to  use  general  flow  field  data  to  obtain  the  local 
surface  property  information  required  by  the  streamline  calculations. 
These  general  flow  field  data  may  have  either  been  hand  loaded  into  the 
program,  or  they  may  have  been  generated  by  one  of  the  flow  field 
calculations  (i.e.,  the  shock-expansion  option).  Of  course,  when 
general  flow  field  data  are  used  only  the  Boundary  #1  data  (surface 
data)  are  actually  used  in  the  streamline  calculations,  and  the  flow 
field  data  away  from  the  vehicle  surface  are  ignored.  We  should  also 
keep  in  mind  that  the  general  flow  field  data  may  be  subdivided  into 
subregions  and  secondary  flows  because  of  the  presence  of  shocks,  etc,. 
The  capabilities  are,  therefore,  provided  to  use  subregions  collectively 
or  selectively  in  the  streamline  calculations.  A  sec  idary  flow  number 


92 


may  also  be  Input  and  the  streamlines  will  only  be  calculated  within 
this  region.  At  the  present  time,  it  Is  not  possible  to  hnve  the 
streamline  computations  continue  downstream  through  a  secondary  flow 
after  they  have  been  started  within  the  primary  flow  of  a  subregion. 

The  streamline  computations,  however,  may  be  .nitiated  within  a 
secondary  flow  region. 

It  is  also  possible  to  completely  hand  load  surface  property  data 
using  the  capibilities  within  the  Flow  Field  Option,  and  to  then 
make  use  of  these  data  within  the  Surface  Streamline  Option. 

The  general  procedure  involved  in  generating  streamlines  by  using  the 
features  of  the  Flow  Field  Program  options  to  prepare  the  local 
surface  property  data  Is  as  follows: 

1.  Geometry  data  are  generated  or  stored  on  unit  4  by  the  Geometry 
Option. 

2.  The  Flow  Field  Analysis  Option  of  AERO  is  used  to  either  hand 
load  or  generate  flow  field  data  which  is  stored  on  unit  10. 

3.  The  Streamline  Option  of  AERO  is  then  used  to  calculate  the 
selected  streamlines  using  only  the  Boundary  //I  data  (surface 
data)  that  has  been  stored  on  unit  10.  The  user  must  Identify 
the  subregion  or  secondary  flow  region  to  be  used  in  the 

s  treamline  calculations . 

The  end  result  in  the  use  of  the  Streamline  Option  is  the  computation 
of  a  streamline  trajectory  over  the  vehicle  surface.  The  data  generated 
includes  the  X-Y-Z  coordinates  of  the  streamline,  and  the  interpolated 
local  property  data  (Mach  number,  pressure  ratio,  and  temperature  ratio). 
When  requested  by  the  use  of  an  input  flag  these  streamline  data  are 
stored  back  on  unit  10  for  subsequent  use  in  the  viscous  calculations. 
Each  separate  streamline  is  stored  under  a  different  subregion  number 
on  the  Flow  Field  Data  Storage  unit  10.  The  user  must  therefore  keep 
track  of  the  storage  order  of  the  streamlines  so  that  he  can  retrieve 
the  desired  lines  when  he  is  over  in  the  viscous  option. 
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Surface 

;  Propert 

y  Access  Flag 

Card 

(11,312,311,1012,11) 

Column 

Code 

Routine 

Format 

Explanation 

1 

LASTR 

STREAM 

11 

Last 

-  0 

flow  region  flag. 

This  is  not  the  last  streamline  set 

of  data.  After  all  the  streamline 
data  cards  are  read  and  streamlines 
calculated,  routine  STREAM  will  ex¬ 
pect  to  read  another  Surface 
Property  Access  Flag  Card. 

-  1  This  is  the  last  streamline  set  of 
data.  A  return  to  the  AERO  routine 
will  be  made  after  all  the  streamlines 
are  calculated. 


2-3 

NDSET 

STREAM 

12 

Data  set  number  where  surface  data 
properties  will  be  found  on  unit  10. 

4-5 

IABSET 

STREAM 

12 

a-R  set  number  where  surface  data 
properties  will  be  found  on  unit  10. 

6-7 

XR 

STREAM 

12 

Flow  region  number  where  surface  data 
properties  will  be  found  or.  unit  10. 

8 

INORM 

STREAM 

11 

Normalization  flag  for  surface  property 
spline  interpolation.  The  surface  property 
data  are  stored  at  varying  X,Y,Z  locations 

However,  it  is  usually  best  to  convert  the 
X-Y-Z  coordinates  to  some  combination  of 
other  coordinates  for  the  spline  interpola¬ 
tion  (axial  distance.  A;  radial  distance, 

R;  radial  angle,  <t>).  For  example,  on  a  body 
cr  revolution  A  and  <p  would  be  best.  For 
a  wing,  X  and  Y.  For  a  vertical  tall,  X-Z. 
The  available  flags  are: 

~  0  4  «-fn(A,R) 

■  1  Z  ■  fn(X,Y)  (i.e.,  wings) 

■  2  Y  ■  fn(X,Z)  (i.e.,  vertical  tails) 

•  3  X  -  fn(Y,Z) 

“4  R  ■  fn(A,$)  (i.e.,  body  of  revolution) 

9  1SURF  STREAM  Surface  boundary  normalization  flag.  This 

II  flag  determines  hew  the  normalization  data 

input  on  the  next  card  will  be  used  by  the 
program  in  the  normalization  for  the  spline 
interpolation  and  for  establishing  the 
boundary  limits  for  the  interpolation. 
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Surface  Property  Access  Flay,  Card  (continued) 

Column  Code  Routine  Explanation 

_  Format  _  _ 


9  1SURF  STREAM 

11 


10  IPF  STREAM 

II 


•  0  The  input  values  for  XB(1)  ,YB(1)  ,ZB(1) 
and  XB (2) ,YB (2) ,ZB (2)  will  be  used  to 
establish  the  normali zation  limits  for 
the  first  variable  (i.e.,  if  1N0RM  -  4, 
they  will  determine  the  limits  of  the 
axial  distance,  A).  The  input  values 
for  XB(3)  ,YB(3),ZB(3)  and  XB(4),YB(4), 
ZB(4)  will  be  used  to  establish  the 
normalisation  limits  for  the  second 
variable  (i.e.,  if  INORM  »  4,  they  will 
determine  the  limits  of  the  angular 
coordinate,  <p). 

■  1  The  surface  is  assumed  to  be  of  a  wing 

or  tail  type  and  the  XB.YB.ZB  normali¬ 
zation  limits  input  on  the  next  cards 
will  be  used  to  establish  a  chordwise- 
spanwise  normalization.  The  point 
XB(1),YB(1),ZB(1)  is  the  leading  edge 
point  of  the  root  chord,  and  the  point 
XB(2) ,YB(2) ,ZB(2)  is  the  trailing  edge 
at  the  root.  The  point  XH(3),YB(3), 
ZB(3)  is  the  tip  leading  edge,  ana 
XB(4) ,YB(4) ,ZH(4)  is  the  tip  trailing 
edge . 

« 

Primary  flow  flag. 

■  0  Streamlines  will  be  calculated  using 

flow  data  on  unit  10  as  stored  by  the 
Surface  Data  Transfer  Option,  or  the 
primary  flow  of  the  data  stored  by 
the  Flow  Field  Analysis  Option. 

■  1  Streamlines  will  be  calculated  using 

flow  data  on  unit  10  as  stored  by  the 
Flow  Field  Analysis  Option  for  the 
secondary  flow  number  input  as  ISF(l) 
below. 


11-12  ISR(l) 

13-14 

15-16 

17-18 

19-20 

21-22 

23-24 

25-26 

27-28 

29-30  ISR(10) 

31  ISF(l) 


STREAM 

1012 


STREAM 

II 


Subregion  flow  number  where  surface  data 
properties  will  be  found  on  unit  10. 

If  ISR(l)  »  0,  all  subregions  associated 
with  flow  region  IR  (CC  6-7)  will  be  used. 


Secondary  flow  number  where  surface  data 
will  be  found  on  unit  10.  Used  only  if 
IPF  *  1  (CC  10).  Only  ISF(l)  is  active 
for  streamline  calculations. 
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Normalization  Data  Cnrds  (3E10.0) 


Four  cards  arc  required  thut  contain  the  coordinates  for  the  data 


normalization  limit 
meaning  of  the  four 
the  preceeding  card, 

process 

points 

in  the  spline  interpolation.  The 

is  determined  by  the  parameter  JSURF  on 

Column 

Code 

Routine 

Format 

Exp]  .ination 

1-10 

XB(i) 

STREAM 

F10.G 

XB  coordinate. 

11-20 

YU(i) 

STREAM 
F10. 0 

YB  coordinate. 

21-30 

Zb(I) 

STREAM 

F10.0 

ZB  coordinate. 

1  ■  1  to  4 


1 


i 


Streamline  Identlf leation  And  Title  Card  (212,]6X,10a4) 


1-2  IRSAVE 


3-4  NSTR 


21-60  TITLER 


STREAM  Streamline  save  flap. 

12  *  0  do  not  save. 

r  0  Flow  region  number  where  streamline 
data  will  be  saved  on  unit  10.  The 
streamline  data  will  be  saved  under 
the  same  NDSET  and  1A3SET  numbers  as 
were  used  for  the  surface  property 
data.  Normally,  IRS.'.VE  should  not 
be  the  same  as  1R. 

STREAM  Number  of  streamlines  to  be  calculated. 

12  This  number  of  streamline  data  cards 

must  be  present  right  after  the  normal¬ 
ization  Data  Cards.  (This  number  of 
streamline  space  will  be  reserved  on  the 
storage  unit  even  though  all  of  them  may 
not  be  saved. 

STREAM  Title  for  the  streamline  flow  region 

10A4  number  IRSAVE. 


Note:  Each  calculated  streamline  that  is  to 
be  eaved  will  be  placed  in  a  different 
sub-region  under  the  flow  region  IRSAVE. 


ye 


Streamline  Data  Cards 


(212 ,3 i i . t2 , 1 4, 7X.4F10 .0) 


One  Streamline  Data  card  is  required  for  each  streamline  to  be 
calculated.  The  number  of  streamlines  and  Streamline  Data  Card.? 
to  be  iniuit  ie  determined  by  the  parameter  NSTR  on  the  Revlon 
Identification  and  Normalization  Flag  Card. 


Column  Code  Routine 

Format 


Explanation 


1-2  1PRINT 


3-4  j SAVE 


5  XSTART 


6  1STAG 


STREAM  Streamline  print  flag. 

12  »  0  Do  not  print  out  streamline  data. 

•  1  Print  streamline  data  for  every 
DELTAS  point. 

■  2  Print  streamline  data  for  every 
second  DELTAS  point. 

-  3  Trint  streamline  data  for  every 
third  DELTAS  point. 

et.  . 


STREAM  Streamline  cave  flag. 

12  «  0  Do  not  save  streamline  data  on 

the  flow  field  unit  10. 


■  1  Save  every  streamline  DELTAS  data 

point  on  unit  10  under  region  1RSAVE, 

•  2  Save  every  second  streamline  DELTAS 
data  point  on  unit  10. 

»  3  Save  every  third  streamline  DELTAS 
data  point  on  unit  10. 


etc. 


STREAM  Streamline  starting  condition  flag. 

II  -  0  Start  streamline  calculations  at 

the  centroid  of  the  given  element 
number  on  the  specified  panel  number. 

■  1  Start  the  streamline  calculations  at 

the  given  X,Y,Z  location. 

■  2  Continue  from  a  previously  calculated 

streamline,  (not  active  at  present  time) 

STREAM  Stagnation  point  calculation  flag. 

II  -  0  Start  streamline  at  given  point.  Do 

not  calculate  stagnation  point. 

-  1  Calculate  stagnation  point  and  start 

streamline  calculations  from  that  point, 
(not  active  at  present  time) 
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Streamline  rata  Cards  (oi 


Column  Code  Routine 

_  Format 

7  ISMODE  STREAM 

II 


8-o 

IPANL 

STREAM 

II 

10-13 

L 

STREAM 

14 

21-30 

DELTAS 

STREAM 

F10.0 

31-40 

XSI 

STREAM 

F10.0 

41-50 

YSI 

STREAM 

F10.0 

51-60 

ZSI 

STREAM 

F10.0 

E;;planation 


Streamline  mode  calculation  flag. 

■>  0  To  calculate  streamline  integrate 
in  the  transformed  plane  with  two 
variables  and  interpolate  for  the 
third  surface  variable  to  keep  the 
streamline  on  the  surface. 

=  1  To  calculate  streamline  integrate 
using  all  three  coordinates  (X,Y,Z 
integration).  The  streamline  may 
leave  the  surface. 

Panel  number  on  unit  4  for  the  start  of 
the  streamline.  Used  if  ISTART  =  0. 

Element  number  in  panel  IPANL  for  the 
start  of  the  streamline.  Used  if  ISTART  •*  0. 

Streamline  integration  distance  step 
interval  for  the  Runge-Kutta  integration 
process.  (may  be  negative  to  integrate  forwar< 

X-coordinate  of  the  streamline  starting 
point.  Used  if  ISTART  =  1. 

Y-coordinate  of  the  streamline  starting 
point.  Used  if  ISTART  =  1. 

Z-coordinate  of  the  streamline  starting 
point.  Used  if  ISTART .=  1. 
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SHIELDING  PROGRAM  INPUT  DATA 


The  Shielding  Program  way  be  used  to  account  for  the  situation  where  one 
part  of  a  vehicle  shape  is  shielded  from  the  freestresm  flow  by  another 
part  of  the  vehicle.  The  geometry  data  for  use  by  the  Shielding  program 
must  be  stored  and  available  on  the  Quadrilateral  Element.  Storage  unit  (4). 

The  Geometry  Options  must  be  used  to  accomplish  this. 

Before  the  Shielding  Program  is  used  on  a  given  vehicle  the  user  should 
have  the  Picture  Drawing  Program  generate  pictures  at  each  of  the  a~$ 
conditions  to  be  analyzed  for  shielding.  This  will  provide  the  user  With 
the  information  as  to  what  part  of  the  vehicle  is  being  shielded  by  what 
other  parts.  From  these  pictures  the  user  should  make  a  list  of  numbers  of  eacl 
Panel  of  the  vehicle  that  will  experience  some  shielding.  For  each  shielded 
Panel  a  list  should  also  be  made  of  what  other  vehicle  Panels  cause  the 
shielding.  These  lists  of  numbers  will  be  input  on  the  shielding  input 
data  cards  to  reduce  the  amount  of  time  that  will  be  required  to  perform 
the  shielding  searches. 

The  Shielding  Program  will  perform  it’s  shielding  search  and  will  generate 
and  store  a  special  set  of  quadrilateral  elements.  These  special 
quadrilateral  elements  will  have  negative  surface  areas  and  taken  all 
together  will  repiesent  those  parts  of  the  vehicle  that  are  shielded  l 
some  other  upstream  part.  The  negative  area  shielded  elements  are  stored 
on  Unit  3.  One  set  of  negative  area  elements  will  be  stored  for  each  a-($ 
specified  on  the  input  the  AERO  executive  routine.  When  the  FORCE  piogram 
calculates  the  pressures  on  the  vehicle  it  will  proceed  in  a  normal  manner 
until  all  of  the  normal  vehicle  elements  are  accounted  for.  It  will  then 
turn  to  the  negative  area  shielded  elements  and  calculate  the  pressures 
also  in  a  perfectly  usual  manner,  except  that  the  element  areas  used  will 
be  negative.  In  this  manner  the  shielded  parts  of  the  vehicle  will  be 
effectively  removed  from  the  analysis  and  will  have  no  contributions  to 
the  final  vehicle  forces. 


Shielding  Title  Control  Card 

(I2,I1,I2,15A4) 

Column 

Code 

Routine 

Format 

Explanation 

1-2 

NPANL 

SHIELD 

12 

The  total  number  of  PANELS  to  be 
and  analyzed  for  shielding. 

considered 

3 

IPRINT 

SHIELD 

11 

Print  flag. 

-  0  Do  not  print  negative  area 

shielded 

elements . 

\ 

1  -1  Print  characteristics  of  the  negative 

area  quadrilateral  elements. 

4-5  INAB  SHIELD  Angle  of  attack  analysis  control  flag. 

12  (not  used  in  present  program) 

SHIELD  Title  for  print  out  on  shielding  print 

15A4  pages. 


6-65  TITLE 


Shielding  Panel  Control  Card  (12,2012) 


The  number  of  these  cards  to  be  read  must  be  =  NPANL  as  specified  on 
the  Shielding  Title  Control  Card. 

Column  Code  Routine  Explanation 

_  Format  _ 


1-2 

IPAN 

SHIELD 

12 

The  sequence  number  of  the  Panel  to  be 
considered  for  shielding. 

3-4 

ISHE(l) 

shie:  ' 

The  sequence  number  of  the  Panel  that 

5-6 

ISHE(2) 

2012 

is  to  be  considered  as  a  possible 
shielding  panel.  Up  to  a  total  of  20 

7-8 

etc. 

ISHE(3) 

such  Panel  numbers  may  be  specified  on 
each  of  these  Shielding  Panel  Control 
Cards . 
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PRESSURE  CALCUIATION  PROGRAM  INPUT  DATA 


The  Pressure  Calculation  Program  is  reached  by  way  of  sub-option  calls  from 
the  Aero  Executive  routine.  The  sequence  of  calls  to  the  FORCE  routine  and 
the  saving  am'  summation  of  rorce  data  is  accomplished  in  routine  PRES.  The 
geometry  data  for  use  by  the  PRES  and  FORCE  routines  must  be  stored  and 
available  on  the  Quadrilateral  Element  Storage  unit  (4) .  The  Geometry 
Options  must  be  used  to  accomplish  this  storage.  An  input  to  routine  PRES 
specifies  how  the  venicle  Panels  are  to  be  grouped  to  form  vehicle  Compon¬ 
ents  for  the  force  analysis.  These  selections  are  made  by  using  the  Panel 
sequence  numbers  assigned  by  the  Geometry  program  (the  Panels  are  numbered 
in  the  order  in  which  they  are  placed  on  the  Quadrilateral  Element  Storage 
unit  (4)). 


Title  Card  and  Basic  Flags  (I2,I1,3X,15A4) 

Column  Code  Routine  Explanation 

_  Format  _ 


1.-2 

NCOMP 

PRES 

Total 

number  of  vehicle  Components  to  be 

12 

analyzed.  Each  Component  may  consist  of  one 
or  more  vehicle  Panels.  The  grouping  of 
Panels  to  form  Components  is  controlled  by 
the  Component  Organization  Card  below. 

(20  maximum) 

3 

IFSAVE 

PRES 

Force 

data  save  flag. 

11 

-  0 

Set  up  a  new  Unit  9  Force  Data  save 
file.  Save  component  force  data. 

-  1 

Save  force  data.  Use  existing  Unit  9 
Force  Data  file  and  just  add  a  new 
set  to  It. 

-  2 

Do  not  save  force  data. 

7-66 

TITLE 

PRES 

Title 

to  be  printed  out  at  the  top  of  the 

15A4 

force 

data  output. 

Component  Organization  Card  (1012,311) 


1-2 

IPANL(l) 

PRES 

The  identification  numbers  for  all  of  the 

3-4 

IPANL(2) 

1012 

Panels  on  the  Quadrilateral  Element  Storage 
unit  (4)  that  are  to  be  grouped  together  to 
form  this  vehicle  Component.  Up  to  a  maxi¬ 

5-6 

IPANL(3) 

mum  of  10  Panels  may  be  grouped  together  to 
form  a  Component.  All  the  elements  in  a 

etc. 

19-20 

IFANL(IO) 

given  Component  will  be  analyzed  using  the 
same  pressure  calculation  method. 

Note: 

The  number  of  sets 

of  Component  Organization,  Pressure  Method  Cards, 

and  Interference  Method  Cards  must  be  *  NCOMP. 
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Component  Organization  Card  (continued) 

Column  Code  Routine  Explanation 

_  Format  _ 

21  IFM  PRES  Pressure  Method  card  flag. 

II  “0  Pressure  Method  cards  will  be  read 

for  each  a-P. 

■  1  Read  only  one  Pressure  Method  card 
and  assume  that  it  will  apply  for 
all  the  ot-p’s  for  this  component. 

*  2  Use  the  same  pressure  method  data 
set  «s  was  used  for  the  previous 
vehicle  Component.  No  Pressure 
Method  cards  will  be  input. 


22  INT 


23  ISHEF 


PRES 

II 


PRES  ■ 
II 


Interference  method  card  flag. 

*  0  No  interference  cards  will  be  read. 

Interference  effects  will  not  be 
accounted  for  in  the  force  calculations. 

*  1  Interference  method  cards  will  be 

read  for  each  a-p  for  this  component. 

■  2  Read  only  one  interference  method 
card  and  assume  that  it  will  apply 
for  all  the  a-p's  for  this  component. 

*  3  Use  the  same  interference  method 

data  set  as  was  used  for  the  previous 
vehicle  Component.  No  interference 
method  cards  will  be  input. 

Shielding  elements  flag. 

•=  0  Shielding  elements  have  not  been 
generated  for  this  component  and 
shielding  effects  will  therefore 
not  be  accounted  for. 

-  1  Shielding  elements  have  been  generated 
and  are  stored  on  unit  3.  Shielding 
effects  should  be  accounted  for  on 
this  vehicle  Component. 
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Pressure  Method  Cards  (212,  3I1,3X,6F10.0) 


The  Pressure  Method  Ca^ds  are  used  to  specify  what  pressure  calculation 
methods  are  to  be  used  for  each  vehicle  Component.  The  necessary  con¬ 
stants  for  each  pressure  method  are  .also  input  on  these  cards.  The 
number  of  Pressure  Method  Cards  to  be  input  is  controlled  by  the  para¬ 
meter  1PM  on  the  Component  Organization  Card.  If  1PM  ■  0  then  the  number 
of  Pressure  Method  Cards  must  be  equal  to  the  parameter  NAB  as  Input  on 
the  Flight  Condition  Card  to  the  AERO  executive  routine. 

The  general  format  for  the  Pressure  Method  Cards  is  given  below. 

Column  Code  Routine  Explanation 

_  Format  _ 


1-2  IMPACT  PRES  Impact  force-calculation  method  flag.  The 

12  following  methods  .are  available  for  calcu¬ 

lation  of  pressures  on  surface  elements  in 
impact  flow  (right- justified  integer). 

»  1  ‘Modified  Newtonian  (K  is  input  in 
CC  11-20). 

«  2  Modified  Newtonian  +  Prandtl-Meyer 
V  (CC  31-40  must  contain  the  proper  value 
for  r,c). 

*»  3  Tangent-wedge  (using  oblique-shock) . 

■  4  Tangent-wedge  empirical. 

-  5  Tangent-cone, 

■  6  Inclined-cone  method.  See 

discussion  in  Volume  II. 

■  7  Van  Dyke  Unified  Method  (small 

disturbance  theory) . 

■  8  Blunt-body  skin-friction  shear-force 

contributions  to  the  aero  forces. 

The  deck  set-up  is  j  *t  like  a  regular 
pressure  calculation  run.  The  aero 
forces  obtained  must  be  added  to  the 
forces  calculated  using  one  of  the 
other  force  calculation  methods 
(usually  modified  Newtonian) , 

■  9  Shock-expansion  Method  using  strip 

theory.  The  parameter  IOKN  on  the 
Panel  Identification  Card  in  the 
Geometry  Option  identifies  which 
edge  of  the  panel  is  the  leading  edge. 
IORN  may  be  -  0  or  1  only. 


Pressure  Method  Cards  (continued) 


Column  Code  Routine 

_  Format 


Explanation 


1-2  IMPACT  (continued) 


3-4  I SHAD  PRES 

12 


*10  Free-molecular  flow.  Input  fn  in 
CC  11-20,  ft  in  CC  41-50,  and  Tjj/X 
in  CC  31-40.  See  Volume  II  free- 
nolecular  discussion. 

*11  Input  constant  pressure  coerficient 
(use  CC  11-20  for  the  pressure 
coefficient).  A  constant  pressure 
coefficient  will  be  applied  over  all 
elements. 

■12  Hankey  flat-surface  empirical. 

■13  Delta-wing  empirical. 

■14  Dahlem-Buck  empirical. 

■15  Blast-wave  pressure  Increments. 

For  axisymmetric  flow  input  0.0  in 
CC  11-20.  For  planar  flow  input  1.0 
in  CC  11-20.  An  input  number  is  also 
required  in  CC  31-40  (see  discussion 
'•for  PDATA(3)) .  The  parameter  XQ  for 
the  blast  wave  calculations  must  be 
input  in  CC  41-50. 

Shadow  force-calculation  method  flag.  The 
following  methods  are  available  for  calcu¬ 
lation  of  pressures  on  surface  elements  in 
shadow  flow  (right-justified  integer). 

■  1  Newtonian  (i'.e.,  Cp  -  0.0). 

-  2  Modified  Newtonian  +  Prandtl-Meyer 
(CC  31-40  must  contain  the  proper 
value  for  nc) . 

■  3  Prandtl-l^eyer  expansion  from  free- 

stream.  ' 

■  4  Inclined 'cone  method,  See 

discussion  in  Volume  II, 

■  5  Van  Dyke  Unified  Method  (small 

disturbance) . 

■  6  High  Mach  number  base  pressure 

(Cp  -  -  1/M*). 

■  7  Shock-expansion  (strip  theory).  See 

IMPACT  ■  9  discussion. 

»  8  Input  pressure  coefficient  (ime  CC 

11-20  for  the  input  pressure  coefficient) . 

■  9  Free-molecular  flow.  See  IMPACT  ■  10 

for  other  input  requirements. 
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Pressure  Method  Cards  (continued) 


Column  Code  Routine 

Format 


Explanation 


5  IPRINT  PRES 

II 


6  IPIN  PRES 

II 


7  ISAVE  PRES 

II 


Print  flag.  This  flag  contols  the  printing 
of  the  detailed  force  characteristics  of 
each  vehicle  element. 

■  0  Do  not  print  detailed  element  force 

data. 

*  1  Print  detailed  force  contributions  for 

each  element  (a  large  amount  of  outpu* 
will  be  produced  and  machine  time  wllx 
Increase) . 

■  2  Print  detailed  local  property  calcula¬ 

tion  and  iteration  results. 

Non-uniform  input  Cp  table  flag. 

*  0  Input  Cp  table  will  not  be  used 

*  1  Input  C  table  will  be  used.  Input 

Pressure  Option  Cards  will  be  input. 
IMPACT  and  ISHAD  parameters  will 
be  ignored.  This  option  may  be  used 
to  input  wind  tunnel  pressure  data 
in  order  to  obtain  resultant  vehicle 
forces. 

“  2  The  non-uniform  Cp  table  that  has 
been  previously  generated  by  the 
Second-Order  Shock-Expansion  method 
(of  the  Flow  Field  Option)  will  be 
used  over  the  surface  of  the  vehicle 
component.  IMPACT  and  ISHAD  parameters 
will  be  ignoi ?d.  Input  Pressure  Option 
Cards  will  be  expected.  This  is  the 
way  provided  in  the  program  in  which 
the  Second-Order  Shock-Expansion 
method  can  be  used  as  a  pressure 
calculation  method. 

Save  surface  property  data  flag. 

■  0  Do  not  save  the  surface  property  data 

(local  surface  Mach  number,  P/P„,  T/T„>, 
etc.) . 

■  1  Save  surface  property  data  on  unit  4. 

This  option  must  be  used  to  store  data 
that  la  required  by  the  skin  friction 
options.  These  data  may  also  be  used 
in  the  Surface  Data  Transfer  Option  and 
later  in  the  Streamline  Option. 


105 


Pressure  Method  Cards 


(continued) 


Column  Code  Routine 

Format 


Explanation 


11-20  PDATA(l)  PRES, 
F10.0 


21-30  PDATA(2)  PRES 
F10.0 


31-40  DAT A(3)  PRES 

F10.0 


Pressure  method  input  parameters.  The 
input  parameter  in  this  field  will  vary 
depending  upon  the  pressure  method  option 
selected. 

For  IMPACT  -  1,  2,  or  3  input  the 

modified  Newtonian  correction 
factor,  K  (CPSTAG). 

For  IMPACT  ■  10  input  the  free-molecular 
flow  parameter,  fn> 

For  IMPACT  ■  11  input  a  constant  pressure 
coefficient,  Cp. 

For  IMPACT  «*  15  input  0.0  for  axisymractric 
flow  or  1.0  for  plan  flow, 

QQINF.  Dynamic  pressure  (q)  at  the  surface 
divided  by  the  freestream  q. 

V  “  CP  (q/qw) 

Must  be  Input  as  1.0  if  no  change  from  free- 
stream  la  to  be  made.  This  parameter  is  use¬ 
ful  in  removing  the  effect  of  a  vehicle  com¬ 
ponent  or  in  changing  the  local  q  for  a 
whole  component  because  of  a  constant  q/q«, 
effect  of  an  interference  component. 

This  field  is  used  for  several  different 
input  parameters  depending  upon  the  values 
of  the  impact  and  shadow  pressure  calculation 
method  flags. 

-  Prandtl-Meyer  expansion  correction  factor 
qc  (ETAC)  in  the  following  equation. 

pnc  “  p« 


This  is  used  when  IMPACT  -  2  or  ISHAD  -  2 
but  Is  usually  input  as  1.0. 

*  Input  pressure  coefficient  in  shadow 
regions  when  ISHAD  ■  8. 

-  Tjj/T^  for  IMPACT  »10.  Tn/T^  is  the  ratio 
of  body  temperature  to  freestream  temp. 

■  For  IMPACT  “  15  (blast  wave)  and  axiaym- 
metric  flow  input  \TCp  *  D  (square  root  of 
drag  coefficient  times  the  sphere  diameter) . 
For  plane  flow  input  Cjj^/3  d^/3  (where  Cp 
is  the  drag  coefficient  of  a  cylinder  and 
d  is  the  cylinder  diameter) . 
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Pressure  Method  Cards 


(continued) 


Column  Code  Routine  Explanation 

_ _  Format  _ _ 

41-50  PDATA(4)  PRES  ENPM.  Surface  slope  rcodif ication  factor,  if 

F10.0  input  as  f  0.0  the  surface  slope  (0,  angle 
between  outward  surface  normal  and  velocity 
vector)  will  be  divided  by  this  nunber.  The 
impact  angle  (6)  is  calculated  as  follows: 

6  -  ir/2  -  elnput/F.NPM 

If  ENPM  is  input  as  -0.0  or  1.0  then  the  body 
slope  is  not  changed. 

This  location  has  an  alternate  use  when  IMPACT 
is  input  as  *■  10. 

■  f^  (tangential  momentum  accomodation 

coefficient,  -0.0  for  Newtonian  flow 
■  and  1.0  for  completely  diffuse 

reflection) . 

51-60  PDATA(5)  PRES  IMPACI.  Impact  method  for  Shock-expansion 

F10.0  calculations.  This  flag  controls  the  method 

to  be  used  in  the  calculation  of  the  pressure 
and  local  properties  on  the  first  element  of 
each  streamwise  strip  for  subsequent  shock- 
expansion  calculations.  The  available  methods 
are  listed  below.  This  field  Is  used  only 
when  IMPACT  -  9. 

■  3.0  Tangent-wedge  (oblique  shock). 

■  5.0  Tangent-cone. 

“  13.0  Delta-wing  empirical. 

61-70  PDATA(6)  PRES  ISHADI,  Shadow  method  for  Shock-Expansion 

F10.0  calculations.  This  flag  controls  the  method 

to  be  used  in  the  calculation  of  the  pressure 
and  local  properties  on  the  first  element  of 
each  streamwise  strip  for  subsequent  shock- 
expansion  calculations  (if  the  first  element 
is  in  a  shadow  region).  This  field  is  used 
only  when  ISHAD  »  7.  The  only  acceptable 
method  at  the  present  time  is 

•  3.0  Prandtl-Meyer  expansion  from  freestream. 
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Interference  Method  Cards 


The  Interference  Method  Cards  are  used  to  specify  the  type  of  interference 
computations  that  are  to  be  used  for  each  vehiLle  component.  The  number 
of  Interference  Method  Cards  to  be  input  is  controlled  by  the  parameter  INT 
on  the  Component  Organization  Card.  If  INT  «  0  then  no  Interference  Method 
Cards  ore  input.  If  INT  -  I  then  the  number  of  Interference  Method  Cards 
must  be  equal  to  the  parameter  NAB  as  input  on  the  Flight  Condition  Card 
to  the  AERO  executive  routine.  See  the  description  of  the  INT  parameter 
for  further  information. 

The  Interference  Method  Cards  actually  serve  two  purposes.  If  the  flow 
field  to  be  used  in  the  interference  calculation:;  by  the  FORCE  routine  is 
uniform  (not  a  function  of  X,Y,Z)  then  the  flow  field  data  may  be  input 
directly  on  the  Interference  Method  Cards.  If  the  flow  field  is  not  unif  rm 
then  the  flow  field- data  must  be  obtained  directly  from  the  flow  field  data 
storage  unit  (10).  The  data  may  be  placed  on  the  storage  unit  either  by  the 
use  of  the  Flow  Field  Data  Hand-Load  option,  or  they  may  be  generated  by 
one  of  the  flow  field  generation  routines.  The  Interference  Method  Cards 
are  used  to  specify  and  control  the  source  of  the  interference  flow  field 
data  to  be  used  by  the  FORCE  program. 

Interference  Method  Control  Card  (1011,1212) 

Column  Code  Routine  Explanation 

_ _ Format  _ _ _  _ 


1  1NF(J,1)  PRES 

II 


(J  is  the  a-0 
counter) 


Interference  data  source  flag. 

-  0  The  flow  field  is  uniform  and  the 

flow  field  data  will  be  Input  on 
this  card  as  the  DINF(J,I)  array. 

«■  1  The  flow  field  Is  uniform  but  the 
flow  field  data  will  be  obtained 
off  of  the  flow  field  data  storage 
unit  (10).  No  Interpolation  is 
required. 

-  2  The  flow  field  data  is  non-uniform 

and  they  must  be  obtained  from  the 
flow  field  data  storage  unit.  The 
da*  will  be  interpolated  to  find 
the  local  flow  field  for  each  of 
the  element  centroids. 


2 

INF(J,2) 

PRES 

11 

Flow  field  data  set  number  (NSET)  on 
the  flow  field  data  storage  unit  to  be 
u3ed  for  this  vehicle  compon  nt. 

3 

INF(J,3) 

PRES 

11 

Alpha-Beta  set  number  of  the  flow  data 
set  (lABSET)to  be  used  for  interference 

4 

INF(J,4) 

PRES 

11 

Not  used  at  present  time. 

5 

INF(J,5) 

PRES 

11 

Not  used  at  present  time. 

Interference  Method  Control 

Card 

(continued) 

Column 

Code 

Routine 

Format 

Explanation 

6 

1NF(J ,6) 

PRES 

11 

Not 

used  at 

present  time. 

7 

1NF(J ,7) 

PRES 

11 

Not 

used  at 

present  time. 

8 

INF(J ,8) 

PRES 

11 

Not 

used  at 

present  time. 

9 

1NF(J ,9) 

PRES 

11 

Not 

used  at 

esent  time. 

10 

INF (J,  10) 

PRES 

11 

Not 

used  at 

present  time. 

Up  to  4 

different 

flow  region 

sets 

of  data 

may  be  specified  for 

possible  use  with  a  given  vehicle  component.  Each  region  set  of 
data  may  contain  flow  field  data  at  one  or  more  meridian  cuts 
(identified  by  a  sub-region  number).  The  data  for  each  sub-region 
may  also  have  secondary  flow  regions.  The  pointer  information  for 
retrieving  the  proper  flow  field  data  is  supplied  in  the  following 
card  columns. 


11-1.2 

1NF(J ,11) 

PRES 

12 

First  flow  field  region  number. 

13-14 

INF (J, 12) 

PRES 

12 

Sub-Region  number. 

15-16 

INF(J ,13) 

PRES 

12 

Secondary  flow  number. 

17-18 

1NF(J,14) 

PRES 

12 

Second  flow  field  region  number. 

19-20 

INF (J, 15) 

PRES 

12 

Sub-Region  number. 

21-22 

INF(J,16) 

PRES 

12 

Secondary  flow  number. 

23-24 

INF  (J,  17) 

PRES 

12 

Third  flow  field  region  number. 

25-26 

INF(J,18) 

PRES 

12 

Sub-Region  number. 

27-28 

INF (J^ 19) 

PRES 

12 

Secondary  flow  number. 

29-30 

INF(J,20) 

PRES 

12 

Fourth  flow  field  region  number. 

31-32 

INF(J,21) 

PRES 

12 

Sub-Region  number. 

33-34 

INF(J ,22) 

PRES 

12 

Secondary  flow  number. 

■,K 
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Uniform  Flow  Field  Card  (6F10.0) 


This  card  must  be  input  if  INF(J,1)  "  0. 


Column  Code 

Routine 

Format 

Explanation 

1-10  D1NF( J , 1) 

PRES 

F10.0 

Mlocul 

11-20  DINF(J,2) 

PRES 

F10.0 

X  direction  cosine 
velocity  vector. 

component 

of 

local 

21-30  DINF( J , 3) 

PRES 

F10.0 

Y  direction  cosine 
velocity  vector. 

component 

of 

local 

31-40  DINF(J ,4) 

PRES 

F10.0 

Z  direction  cosine 
velocity  vector. 

component 

of 

local 

41-50  D1NF(J,5) 

PRES 

F10.0 

51-60  DINF(J ,6) 

PRES 

F10.0 

T/T„ 

Note:  The  subscript  J  in  the  above  parameters  is  the  angle  of  attack 
counter. 


Inpui.  Pressure  Option 


The  Input  Pressure  Option  Cards  arc  used  when  the  vehicle  component  forces 
are  to  be  calculated  using  pressure  data  previously  stored  on  the  flow 
field  data  unit  10.  This  option  may  be  used  in  several  ways.  For  example, 
the  forces  on  a  particular  component  may  be  calculated  using  experimental 
results  which  have  been  previously  stored  on  unit  It1  by  use  of  the  Flow 
Field  Data  Hand-Load  Option.  More  directly,  forces  may  be  determined 
using  the  data  generated  by  the  Shock-Expansion  Flow  Field  Option  and 
sto- ed  on  unit  10. 

In  either  case,  pressure  data  is  available  at  a  limited  number  of  discrete 
locations  on  the  component.  The  forces  are  calculated  by  summing  the  con¬ 
tributions  of  all  the  elements  that  make  up  the  component.  The  function 
of  the  Input  Pressure  Option  is  to  obtain  the  value  of  pressure  at  the 
centroid  of  each  element.  This  is  accomplished  by  interpolation  using  the 
Surface  Spline  method  and,  as  in  the  other  applications  of  this  method, 
proper  normalization  of  the  coordinates  is  required  to  obtain  meaningful 
results.  The  use  of  the  Input  Pressure  Option  is  controlled  by  the  para¬ 
meter  IPIN  on  the  Pressure  Method  Cirds.  If  IPIN  *  0,  no  Input  Pressure 
Cards  are  read:  If  IPIN  -  1  or  IPIN  *  2,  then  a  set  of  Input  Pressure 
Option  Cards  will  be  required.  Since  the  parameter  IPIN  is  used  for  each 
u-B,  a  set  of  Input  Pressure  cards  will  be  needed  for  each  a-p  for  which 
IPIN  is  on  ("l  or  «2). 

A  set  of  Input  Pressure  Option  Cards  consists  of  five  cards;  a  Surface 
Property  Access  Flag  Card  and  four  Normalization  Data  Cards.  The  format 
of  these  cards  is  very  similar  to  those  used  for  the  Surface  Streamline 
Option. 

Surface  Property  Access  Flag  Card  (11,312,311,1012,511) 


Column  Code  Routine  Explanation 

Format _  _  _ 


1 

LASTR 

CPINPT 

11 

(Not  active) 

2-3 

NDSET 

CPINPT 

12 

Data  set  number  where  surface  data 
properties  will  be  found  on  unit  10. 

4-5 

IABSET 

CPINPT 

12 

ct-6  set  number  where  surface  data 
properties  will  be  found  on  unit  10. 

6-7 

1R 

CPINPT 

12 

Flow  region  number  where  surface  data 
properties  will  be  found  on  unit  10. 

8 

1N0RM 

CPINPT 

11 

Normalization  flag  for  surface  property 
spline  interpolation.  The  surface  pro¬ 
perty  data  are  stored  at  varying  X,Y,Z 

locations.  However,  it  is  usually  best 
to  convert  the  X-Y-Z  coordinates  to  some 
combination  of  other  coordinates  for  the 
spline  interpolation  (axial  distance,  A; 
radial  distance,  R;  radial  angle,  <f>).  ■■ 
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Surface  Property  Access  Flag  Card  (continued) 

Column  Code  Routine  Explanation 

_ Format _  _ _ _ _ _ 

For  example,  on  a  body  of  revolution  A  and 
<j>  would  be  best.  For  a  wing  X  and  Y. 

For  a  vertical  tail,  X-Z.  The  available 
flags  are: 

=  0  4>  =  fn(A,R) 

=1  Z  =  fn (X,Y)  (i.e.,  wings) 

=2  Y  =  fn(X,Z)  (i.e.,  vertical  tails) 

=  3  X  =  fn(Y,Z)' 

=  4  R  =  fn(A,(|>)  (i.e.,  body  of  revolution) 

Surface  boundary  normalization  flag.  This 
flag  determines  how  the  normalization  data 
input  on  the  next  card  will  be  used  by  the 
program  in  the  normalization  for  the  s\>line 
interpolation  and  for  establishing  the 
boundary  limits  for  the  interpolation. 

»  0  The  input  value?  for  XB(1) ,YB(1) ,ZB(1) 
and  XB(2) ,YB (2) ,ZE(2)  will  be  used  to 
establish  the  normalization  limits  for 
the  first  variable  (i.e. ,  if  INORM  *  4, 
they  will  determine  the  limits  of  the 
axial  distance,  A).  The  input  values 
for  XB(3) ,YB(3),ZB(3)  and  XB(4),YB(4), 

ZB (4)  will  be  used  to  establish  the 
normalization  limits  for  the  second 
variable  (i.e.,  if  INORM  =  4,  they  will 
determine  the  limits  of  the  angular 
coordinate,  <}>)• 

=  1  The  surface  is  assumed  to  be  of  a  wing 
or  tail  type  and  the  XB,YB,ZB  normali¬ 
zation  limits  input  on  the  next  cards 
will  be  used  to  establish  a  chordwise- 
spanwise  normalization.  The  point 
XB (1) ,YB (1) ,ZB  (1)  is  the  leading  edge 
point  of  the  root  chord,  and  the  point 
XB(2) ,YB (2) ,ZB(2)  is  the  trailing  edge 
at  the  root.  The  point  XB(3) ,YB(3) ,ZB(3) 
is  the  tip  leading  edge,  and  XB(4),YB(4), 
ZB (4)  is  the  tip  trailing  edge. 

10  IPF  CPINPT  Primary  flow  flag.  Not  usad  in  present 

II  program,  IPF  is  set  •=  1  by  the  program. 


9  ISURF  CPINTP 

II 
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Normalization  Data  Cards  (3F10.0) 

Four  cards  are  required  that  contain  the  coordinates  for  the  data  normali¬ 
zation  limit  process  in  the  spline  interpolation.  The  meaning  of  the  lour 
points  is  determined  by  the  parameter  ISURF  on  the  preceeding  card. 


1-10 

XB(i) 

CPINPT 

F10.0 

Xfl 

coordinate 

11-20 

YB(i) 

CPINPT 

F10.0 

YB 

coordinate 

21-30 

ZB(i) 

CPINPT 

F10.0 

ZB 

coordinate 

1  •»  1  to  A 


VISCOUS  PROGRAM  OPTION 


The  Viscous  Program  Option  is  reached  by  way  of  sub-option  calls  from  the 
AERO  executive  routine.  Routine  VISCUS  is  the  control  routine  for  the 
viscous  calculations  and  is  similar  to  the  PRES  routine  used  in  the  Inviscid 
Option  of  the  program.  The  Viscous  Option  makes  use  of  surface  property 
data  (local  pressure,  temperature,  and  Mach  number)  that  has  been  previously 
calculated  by  the  Inviscid  FORCE  routine  for  the  geometry  being  studied. 


Skin  Friction  Basic  Flag  and  Title  Card  (I2,I1,3X,15A4) 

Column  Code  Routine  Explanation 

Format _ _ 


1-2  NCOMP  VISCUS 

12 


3  IFSAVE  VISCUS 

11 


7-66  TITLE  VISCUS 

15A4 


Total  number  cf  vehicle  Components  to  be 
analyzed.  Each  Component  may  consist  of 
one  or  more  vehicle  Panels.  The  grouping 
of  Panels  to  form  Components  is  controlled 
by  the  Geometry  Data  Source  Card. 

Force  data  save  flag. 

=  0  Set  up  a  new  force  data  save  file 

(unit  9) .  Srve  skin  friction  force 
data  for  future  summation. 

=  1  Save  skin  friction  force  data  for  future 
summation  on  unit  9.  Use  old  unit  S 
file  ana  just  add  the  new  force  data 
on  to  the  file. 

=  2  Do  not  place  the  force  data  on  the 
force  data  file  unit. 

Title  to  be  printed  out  on  the  skin  friction 
output  pages. 


Geometry  Data  Source  Card  (1012,311,13) 


1-2  IPANL(l) 
etc. 

39-40  IPANL(IO) 

41  ISK 

read  for  each  a-6. 

«  1  Read  only  one  Skin  Friction  Method 
Card  and  assume  that  it  will  apply 
for  all  of  the  a-0's  for  this 
component . 

=  2  Use  the  same  Skin  Friction  Method 

data  set  as  was  used  for  the  previous 
vehicle  component  (no  Skin  Friction 
Method  Cards  will  be  read) . 


VISCUS  The  identification  numbers  for  all  of  the 
1012  Panels  on  the  Quadrilateral  Element  Stor¬ 

age  unit  (4)  that  are  to  be  grouped  to¬ 
gether  to  form  this  vehicle  Component. 

VISCUS  Skin  Friction  Method  Card  flag. 

11  *  0  Skin  Friction  Method  cards  will  be 
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Geometry  Data  Source  Card 


(continued) 


Column  Code  Routine  Explanation 

_ _ _ _  Format  _ _ 

42-44  NS  VISCUS  Number  of  skiu  friction  elements  to  be  ana 

13  This  number  must  be  eijual  to  the  number  of 

elements  on  the  Quadrilateral  Element  save 
unit  4  for  this  vehicle  component  and  must 
be  greater  than  100.  The  number  of  Skin 
Friction  Element  Data  Cards  must  be  *  NS. 
This  input  is  used  for  the  Mark  III  skin 
friction  option  only. 


Skin  Friction  Method  Cards  (311) 

These  cards  control  the  method  to  be  used  in  calculating  the  skin  friction 
coefficients  used  in  the  akin  friction  computations.  The  number  of  these 
cards  Is  controlled  by  the  ISK  flag  on  the  Component  Organization  Card. 


Column  Code  Routine  Explanation 

_ _ Format  _ _ 

1  ISFMTH  VISCUS  Skin  friction  method  flag. 

II  ■  0  Use  Integral  Method  Boundary  Layer 

Program.  The  wall  temperature,  if  it  ia 
not  input,  will  be  calculated  by  the  old 
Mark  III  skin  friction  methods.  Cards 
for  the  Integral  Method  will  be  expected 
next.  The  old  Mark  III  Skin  Friction 
Element  Data  Cards  will  not  be  input. 

■  1  Calculate  skin  friction  coefficients 

using  the  old  Mark  III  program  methods. 
Mark  III  Skin  Friction  Element  Data  Cards 
will  be  expected  next. 


2  IPRINT  VISCUS  Print  flag  when  old  Mark  III  skin  friction 

II  has  been  used  (ISFMTH  *  1). 

•0  Do  not  print. 

■■  1  Print  detailed  skin  friction  computation 
intermediate  results. 


3  ISAVE  VISCUS  Skin  friction  coefficient  data  save  flag. 

II  ■  0  Do  not  save. 

■  1  Write  skin  friction  coefficient  and  wall 
temperature  results  on  each  element 
back  out  on  to  unit  4  along  with  the 
previously  saved  surface  data.  This 
option  only  used  if  ISFMTH  ■  0. 
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INTEGRAL  METHOD  BOUNDARY  LAYER  INPUT  DATA 


The  Integral  Method  Boundary  Layer  Program  Is  reached  when  the  Skin  Friction 
Method  Card  has  the  parameter  I5FMTH  ■  0.  The  Integral  Method  Boundary  Layer 
Program  requires  that  surface  streamline  data  as  previously  calculated  by 
the  Streamline  Option  of  AERO  be  available.  The  Integral  Method  Program 
calculates  skin  friction  along  these  streamlines  and  stores  the  results  on 
the  Surface  Data  Storage  Unit  10  right  with  the  streamline  surface  data. 

These  data  are  then  fit  with  the  surface  spline  techniques  and  the  skin  friction 
coefficient  determined  by  interpolation  for  each  surface  geometry  element 
for  all  the  panels  specified  by  the  IPANL  parameters.  By  using  this  method 
the  skin  friction  distribution  over  the  complete  surface  of  a  vehicle  may  be 
calculated  (skin  friction  calculated  over  the  same  geometry  data  set  as  was 
used  for  the  lnviscid  pressure  calculations).  In  most  applications,  however, 
it  will  be  best  to  make  use  of  some  combination  of  both  the  old  Mark  III 
Skin  Friction  option  and  the  new  Integral  Method  in  the  analysis  of  a  typical 
vehicle.  The  Mark  III  Skin  Friction  option  should  be  used  when  possible  because 
of  the  shorter  computing  times.  The  Integral  Method  should  be  used  only  in 
situations  where  more  detailed  skin  friction  information  is  needed  over  the 
complete  surface  of  a  given  component. 


Streamline  Data  Source  Card  (11,312) 


Column  Code  Routine  Explanation 

_ _  Format 

1  LASTR  INTEG 

II 


-  1  This  is  the . last  Streamline  Data  Source 
Card,  After  all  the  skin  friction  data 
are  calculated  for  this  set  of  cards,  the 
program  will  return  to  the  VISCUS 
routine. 


Last  flow  region  flag. 

■  0  ThiB  is  not  the  last  Streamline  Data 

Source  Card.  After  all  the  skin  friction 
data  are  calculated  for  this  set  of  cards 
another  Streamline  Data  Source  Card  will 
read  in. 


2-3 

NDSET 

INTEG 

12 

A- 5 

IABSET 

INTEG 

12 

f 

t 

6-7 

1R 

INTEG 

f 

12 

Data  set  number  where  streamline  data  will  be 
found  on  unit  10. 

o~8  set  number  where  streamline  data  will  be 
found  on  unit  10. 

Flew  region  number  where  streamline  data  will 
be  found  on  unit  10. 
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Integral  Skin  Friction  Method  Control  Card  (3I1,7X,3F10.0) 
This  card  always  follows  the  Streamline  Data  Source  Card. 

Column  Code  Routine  Explanation 

Format 


1  ISFM  INTEG  Skin  friction  coefficient  calculation  method 

11  flag. 

•  0  Ust.  the  Integral  Boundary  Layer  method 
for  calculating  the  akin  friction 
coefficient  along  the  streamline.  An 
Integral  Method  Flag  Card  will  follow 
this  card. 

■  1  Do  not  use  the  Integral  Method  for  the 
skin  friction  calculations.  Instead 
use  the  skin  friction  coefficients  as 
calculated  by  subroutine  TEMP.  This  is 
the  same  routine  that  is  used  to  calculate 
the  wall  temperature  for  the  old  Mark  III 
Skin  Friction  option  (and  as  also  used 
to  get  wall  temperature  for  the  Integral 
Boundary  Layer  method) .  This  will  give 
basically  the  same  skin  friction  results 
as  for  the  old  Mark  III  option,  but  the 
viscous-inviscid  Interaction  effect 
that  is  calculated  in  the  Mark  TII  option 
will  not  be  accounted  for.  Calculations 
will  be  made  for  each  point  along  the 
streamline.  The  Integral  Method  Flag 
Card  will  not  be  used  and  will  not  be 
input . 

Wall  temperature  method  flag.  This  flag 
controls  the  selection  of  the  method  to  be 
used  in  calculating  the  wall  temperature 
In  routine  TEMP.  This  flag  is  used  for  both 
ISFM  -  0  and  -  1.  When  ISFM  -  1  it  also 
controls  the  skin  friction  coefficient 
calculation  procedure  selection.  In  the 
discussions  below  the  methods  to  be  used  for 
laminar  and  turbulent  flow  are  separated  by  a 
slash  (l.e..  Laminar /Turbulent) . 

*  0  Use  Reference  Temperature/Spaldlng- 
Chl  methods  to  calculate  temperature. 

-  1  Use  Adiabatic  wall  temperature  and 
Reference  Temperature/Spaldlng-Chl 
methods. 

■  2  Use  input  wall  temperature  and  Reference 
Temperature/Spalding-Chi  methods. 

Wall  temperature  is  input  in  CC  11-20 
and  CC  21-30. 


2  IWT  INTEG 

II 
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Integral  Skin  Friction  Method  Control  Card  (continued) 


Column  Code  Routine 

Format 


Explanation 


2  IWT  (continued) 


1 


■  3  Use  Reference  Enthalpy/Spalding-Chl 

(with  enthalpy  ratios)  methods. 

■  4  Use  adiabatic  wall  temperature  and 

Reference  Enthalpy/Spalding-Chi  (with 
enthalpy  ratios)  methods. 

«  5  Use  input  wall  temperature  and 

Reference  Enthalpy/Spalding-Chi  (with 
enthalpy  ratios)  methods.  Wall  temperature 
is  input  in  CC  11-20  and  CC  21-30. 

-  6  Use  Reference  Temperature/Reference 
Temperature  methods. 

■  7  Use  input  wall  temperature  and 

Reference  Temperature/Reference  Temperature 
methods.  Wall  temperature  is  input  in 
CC  11-20  and  CC  21-30. 

»  8  Use  Reference  Enthalpy/Reference  Enthalpy 

..  - 

! SCvmwuo » 

■  9  Use  input  wall  temperature  and  Reference 

Enthalpy /Reference  Enthalpy  methods. 

Wall  temperature  is  input  in  CC  11-20 
and  CC  21-30. 


3  IPRINT 


11-20  SURFI6 

21-30  SURFI7 


INTEG  Iteration  and  local  skin  friction  print  flag 
II  for  use  in  routine  TEMP. 

•  0  Do  not  print. 

»  1  Print  iteration  results  for  wall 

temperature  and  the  final  local  skin- 
frictlon  data  in  routine  TEMP. 

>  2  Print  the  final  local  skin-friction  data 
in  routine  TEMP  but  do  not  print  the 
iteration  results.  This  Is  the  recommended 
option  for  most  applications  where  you 
want  to  see  the  skin  friction  results 
along  a  streamline. 

XMTEG  Input  wall  temperature  for  laminar  calculations, 
F10.0  °R.  This  input  is  used  when  IWT  ■  2,  5,  7,  or  9. 

1NTEG  Input  wall  temperature  for  turbulent  calculations, 
F10.0  *R,  This  input  is  used  when  IWT  *  2,  5,  7,  or  9. 
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Integral  Skin  Friction  Method  Control  Card  (continued) 


Column 

Code 

Routine 

Format 

Explanation 

31-40 

RETRAM 

XNTEG 

F10.0 

Transition  Reynold'**  Number  used  in  select 
which  skin  friction  result  is  to  be  used  fi 
each  point  when  ISFM  »  1.  Input  Transit!* 
Reynold's  Number  divided  by  106. 

Integral  Method  Flag  Card  (2I2.I1.I2.9U.4X.5F10.0) 

This  card  is  only  input  when  ISFM  «  0. 

1-2 

NVP 

INTEG 

12 

Number  of  points  desired  in  the  velocity 
profile  at  each  station.  (Usually  input  -  ; 

>4 

NTURB 

INTEG 

12 

Integer  number  of  the  streamline  data  point, 
if  any,  at  which  user  wishes  turbulent  bounc 
layer  to  begin.  If  NTURB  -  0,  the  program 
will  calculate  the  position  of  transition  to 
turbulent  flow.  NTURB  may  also  be  given  any 
value  from  1  to  the  maximum  number  of  data 
points  on  the  streamline.  If  NTURB  ■  1, 
initial  values  muat  be  given  for  DTURB  and 
TTURB.  If  NTURB  >  1,  initial  values  may  or 
may  not  be  given. 

5 

KPVK 

INTEG 

11 

(not  used  in  present  program) 

6-7 

KSMTH 

INTEG 

12 

Number  of  times  distribution  of  surface 
velocity  i»  to  be  smoothed  prior  to  computati 
of  surface  gradients  (»  0,  1,  2,  3,  etc.). 
KSMTH  *  3  is  good  for  most  applications. 

8 

KSPLN 

INTEG 

11 

Integer  indicating  manner  in  which  surface 
gradients  are  to  be  calculated, 

«  0  Weighted-difference  technique. 

■  1  Spline  curve-fit  technique  (use  with 
care) . 

9 

KLE 

INTEG 

11 

Flag  Indicating  type  of  initial  condition 
existing  at  the  first  streamline  point. 

*  0  Stagnation  point  or  initial  values  given 

-  1  Sharp  leading  edge. 

10 

KATCH 

INTEG 

11 

Flag  indicating  whether  laminar-boundary  layer 
separation  (if  encountered)  should  reattach 

aa  a  turbulent  boundary  layer. 

■  0  Separation  and  stop  solution. 
-  1  Reattach, 
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Integral  Method  Flag  Card  (continued) 


Column  Code  Routine  Explanation 

Format  _  _ 


11  KPRE 


12  KGRAD 


13  KSDE 


14  KLAM 


15  KMAIN 


16  KPROF 


21-30  CTHET 


31-40  DLAM 


41-50  TEAM 


INTEG  Preliminary  calculation  print  Hag. 

II  “  0  Output  suppressed. 

■  1  Output  printed. 

INTEG  Surface  gradients  of  velocity  and  Mach  number 
II  print  flag. 

■  0  Output  suppressed. 

-  1  Output  printed. 

INTEG  Flag  for  printing  of  solutions  of  laminar  and 
11  turbulent  differential  equations. 

■  0  Output  suppressed. 

■  1  Output  printed. 

INTEG  Flag  for  printing  of  laminar  calculations  for 
II  location  of  Instability  and  transition. 

■  0  Output  suppressed. 

■  1  Output  printed. 

INTEG  Flag  for  printing  of  principal  calculated 
II  boundary-layer  parameters. 

•>  0  Output  suppressed. 

■  1  Output  printed. 

INTEG  Flag  for  printing  of  velocity  profiles. 

II  ■  0  Output  suppressed. 

•  1  Output  printed. 

INTEG  Ratio  of  momentum  thickness  after  reattachment 
F10.0  to  momentum  thickness  at  laminar  separation. 
This  parameter  is  used  when  KAXCH  -  1. 

INTEG  Initial  displacement  thickness,  if  any,  of 

F10.0  laminar  boundary  layer  at  the  first  streamline 
point.  DLAM  may  be  zero  or  have  some  finite 
value  (feet). 

INTEG  Ini  lal  momentum  thickness ,  if  any,  of 
F10.0  laminar  boundary  layer  at  the  first  streamline 
point.  TEAM  may  be  zero  or  have  some  finite 
value  (feet). 
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Integral  Method  Flag  Card  (continued) 


Column 

Code 

Routine 

Format 

Explanation 

51-60 

DTURB 

INTEG 

F10.0 

Initial  displacement  thickness,  if  any,  of 
turbulent  boundary  layer.  DTURB  may  be  given 
for  the  point  designated  by  NTURB,  or  for 
the  point  at  which  transition  is  calculated 
by  the  program  (feet). 

61-70 

TTURB 

INTEG 

F10.0 

Initial  momentum  thickness,  if  any,  of  the 
turbulent  boundary  layer  (see  DTURB).  Feet. 

Streamline  Selection  Card  (1012) 

This  card  Is  used  to  select  the  streamline  numbers  (sub-region  number) 
of  the  streamlines  on  the  data  save  unit  (10)  for  which  akin  friction  values 
will  be  calculated.  This  card  follows  the  Integral  Method  Flag  Card  if 
ISEM  ■  0,  or  the  Integral  Skin  Friction  Method  Control  Card  if  ISFM  ■  1. 


1-2 

ISTR(l) 

INTEG 

1012 

Sub-region  number  of 
to  be  analysed. 

the 

first  streamline 

3-4 

ISTR(2) 

Sub-region  number  of 
to  bs  analyzed- 

the 

second  streamline 

5-6 

ISTR(3) 

Third  streamline. 

7-8 

ISTR(4) 

Fourth  8 t reamline. 

etc. 

etc. 

etc. 

10-20 

ISTR(10) 

Note;  If  IASTR  is  -  0  then  another  Streamline  Data  Source  Card  will  be 

expected  after  the  above  card.  If  LASTR  -  1  then  the  program  will  / 
return  to  VISCUS. 
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Viscous  Force  Cards 


The  Viscous  Force  Cards  described  on  this  and  the  next  two  pages  are 
input  only  when  the  Integral  Method  Boundary  Layer  Program  (ISFMTH  *  0) 
has  been  used.  The  skin  friction  has  been  calculated  along  the  requii-ed 
streamlines  and  has  been  stored  on  unit  10  before  these  cards  are  read 
in.  It  is  now  necessary  to  uae  the  stored  skin  friction  data  along  the 
streamlines  to  obtain  values  of  the  skin  friction  at  the  centroids  of 
all  the  elements  of  the  input  panels  that  make  up  the  component.  This 
is  accomplished  by  interpolation  using  the  Surface  Spline  method,  and 
as  in  the  other  applications  of  this  method,  proper  normalization  of 
the  coordinates  is  required  to  obtain  meaningful  results. 

The  skin  friction  data  is  stored  on  unit  10  in  the  same  format  as 
flow  field  data.  However,  different  definitions  are  applied  to  the  terms 
primary  and  secondary  flows.  These  are  explained  in  the  following 
paragraph. 

Along  a  given  streamline,  four  possible  regimes  exist:  Laminar,  Transitional, 
Turbulent,  and  Separated  flows.  The  Laminar  regime  is  stored  as  the  first 
secondary  flow,  the  transitional  regime  as  the  second  secondary  flow,  the 
turbulent  regime  as  the  third  secondary  flow,  and  the  separated  regime  as 
the  fourth  secondary  flow.  These  definitions  apply  to  the  logical 
storage  arrangement.  The  physical  storage  of  the  data  is  unchanged  from 
the  original  streamline  data  used  for  the  integral  calculations.  This 
data  could  be  re-used  (for  example,  different  transition  location)  by 
accessing  the  primary  flow. 

A  set  of  Viscous  Force  Cards  consists  of  five  cards:  A  Surfac-  Property 
Access  Flag  Card  and  four  Normalization  Data  Cards.  The  format  of  these 
cards  is  identical  to  the  input  pressure  option  cards.  A  set  of  these 
cards  must  be  input  for  each  a-8  being  run. 


Surface  Property  Access  Flag  Card  (11,372,311,101  ',311) 


Column 

Code 

Routine 

Format 

Explanation 

1 

LASTR 

CFINPT 

11 

(Not  active) 

2-3 

NDSET 

CFINPT 

12 

Data  set  number  where  surface  data 
properties  will  be  found  on  unit  10. 

4-5 

IABSET 

CFINPT 

12 

a-8  set  number  where  surface  data 
properties  will  be  found  on  unit  10. 

6-7 

IR 

CFINPT 

12 

Flow  region  number  where  surface  data 
properties  will  be  found  on  unit  10. 

8 

INORM 

CFINPT 

11 

Normalization  flag  for  surface  property 
spline  interpolation.  The  surface  pro- 

perty  data  are  stored  at  varying  X,Y,Z 
locations.  However,  it  is  usually  best 
to  convert  the  X-Y-Z  coordinates  to  some 
combination  of  other  coordinates  for  the 
spline  interpolation  (axial  distance,  A; 
radial  distance,  R;  radial  angle,  41). 
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Surface  Property  Access  Flag  Card  (continued) 


Column  Code  Routine 

Format 


9  ISURF  CF1NTP 

II 


10  IFF  CFINPT 

II 


Explanation 


For  example,  on  a  body  revolution  A  and 
would  be  best.  For  a  wing  X  and  Y. 

For  a  vertical  tail,  X-Z.  The  available 
flags  arc: 

■  0  <$>  -  fn(A,R) 

-  1  Z  «  fn(X,Y)  (i.c.,  wings) 

■2  Y  •  fn(X,Z)  (i.e.,  vertical  tails) 

-  3  X  -  fn(Y,Z) 

■4  R  -  fn(A,$)  (i.e.,  body  of  revolution) 

Surface  boundary  normalization  flag.  This 
flag  determines  how  the  normalization  data 
input  on  the  next  card  will  be  used  by  the 
program  in  the  normalization  for  the  spline 
interpolation  and  for  establishing  the 
boundary  limits  for  the  interpolation. 

«  0  The  input  values  for  XB(1) ,YB(1) ,ZB(1) 
and  X!i(2),YB(2),7B(2)  will  be  used  to 
establish  the  normalization  limits  for 
the  first  variable  (i.e.,  if  INORM  -  4, 
they  will  determine  the  limits  of  the 
axial  distance.  A).  The  input  values 
for  XB(3),YB(3),ZB(3)  and  XB(4),YB(4), 
ZB(4)  will  be  used  to  establish  the 
normalization  limits  for  the  second 
variable  (i.e.,  ii  INORM  -  4,  they  will 
determine  the  limits  of  the  angular 
coordinate,  <j>). 

■  1  The  surface  is  assumed  to  be  of  a  wing 

or  tail  type  and  the  XB,YB,ZB  normali¬ 
zation  limits  input  on  the  next  cards 
will  be  used  to  establish  a  chordwise- 
spanwise  normalization.  The  point 
XB(1) ,YB(1) ,ZE (1)  is  the  leading  edge 
point  of  the  root  chord,  and  the  point 
XB(2),YB(2),ZB(2)  Is  the  trailing  edge 
at  the  root.  The  point  XB(3) ,YB(3) ,ZB(3) 
is  the  tip  leading  edge,  and  XB(4),YB(4), 
ZB(4)  is  the  tip  trailing  edge. 

Primary  flow  flag. 

«  0  primary  flow  considered 

■  1  primary  flow  not  considered. 
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Surface  Property  Access  Flag  Car'd  (continued) 


Column 

Code 

Routine 

Format 

Explanation 

11-12 

ISR(l) 

cfinpt 

Subre;  ion  flow  number  where  surface  data 

13-14 

1012 

properties  will  bo  found  on  unit  i0. 

15-16 

17-18 

If  ISR(l)  “  0,  all  subregions  associated 

19-20 

with  flow  region  IR  (CC  6-7)  will  be  used. 

21-22 

23-24 

25-26 

27-28 

29-30 

ISR(10) 

31 

1SF(1) 

CFINPT 

Secondary  flow  number  where  streamline 

32 

ISF(2) 

511 

surface  data  will  be  found  on  unit  10. 

33 

ISF(3) 

Normally  ,  ISF(.l)  is  input  -  0  and  the 

34 

1SF(4) 

program  then  automatically  sets  up  the  1SF 

35 

1SF(5) 

values  as  follows: 

ISF(l)  ■  1  for  laminar  region 

ISF(2)  ■  2  for  transitional 

ISF(3)  ■  3  for  turbulent 

ISF(4)  «■  4  for  separated 

1SF(5)  -  0 


Normalization  Data  Cards  (3F10.0) 

Four  cards  are  required  that  contain  the  coordinates  for  the  data  normali¬ 
zation  limit  process  in  the  spline  interpolation.  The  meaning  of  the  four 
points  is  determined  by  the  parameter  ISURF  on  the  preceeding  card. 


.1-10 

XB(i) 

CFINPT 

F10.0 

XB 

coordinate 

11-20 

YB(i) 

CFINPT 

F10.0 

TB 

coordinate 

21-30 

ZB(i) 

CFINPT 

F10.0 

ZB 

coordinate 

i  ■  1  to  4 
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Mark  III  Skin  Friction  Element  Data  Cards 
(I2,8I1,2F9.0,3F6.0,2F6.Q,F4.0,8X,I2) 

One  Skin  Friction  Element  Data  Card  must  be  loaded  for  each  element  stored 
on  the  Quadrilateral  Element  Storage  unit  (4)  for  each  vehicle  Component. 
The  format  of  these  cards  is  exactly  the  same  as  the  Type  11  cards  used  on 
the  Mark  III  program  (Mode  1  skin  friction  method).  However,  some  of  the 
parameters  on  the  old  Type  11  card  are  not  actually  used  by  this  new 
version  of  the  program. 

Column  Code  Routine  Explanation 

_  Format 


1-2  IS (1,1) 
3  IS  (1 , 2) 


4  IS (I, 3) 


5  IS (1,4) 


6  IS(I,5) 

7  IS (1,6) 


SKINFR  Skin  friction  element  number. 

12 

M3SF  Viacous-Inviscid  interaction  effect  flag. 

■  0  Use  tangent-wedge  in  interaction 

correction. 

■«  1  Use  tangent-cone  in  Interaction 
correction 

SKINFR  Calculate  Induced  pressures  due  to  boundary 
II  layer  displacement  effects.  Skin  friction 

is  not  calculated. 

•  0  No 

a  1  Yes 

SKINFR  Skin- i.riction  summation  flag. 

II 

■  0  Use  turbulent  skin  friction  data  in 

calculating  forces.  (Note:  The  program 
will  make  a  switch  to  laminar  summa¬ 
tion  at  very  low  Reynolds  number,  where 
turbulent  results  are  not  meaningful). 

■  1  Use  laminar  skin  friction  data  in 

calculating  forces. 

SKINFR  (Not  used  in  this  program) 

II 

SKINFR  Wall-temperature  and  skin-friction  method 

II  Flag.  The  program  always  calculates  both 

laminar  and  turbulent  skin-friction  results. 
The  result  to  be  added  to  the  pressure  cal¬ 
culations  is  indicated  by  the  flag  in  CC  5. 
In  the  discussions  below  the  methods  to  be 
used  for  laminar  and  turbulent  flow  are 
separated  by  *>  slash  (i.e.,  Laminar/Turbu¬ 
lent).  (Integer) 

»  0  Calculate  wall  temperature  and  skin 
friction  using  Reference  Temperature/ 
Spalding-Chi  methods. 


X 
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Mark  III  Skin  Friction  Element  Data  Cards  (continued) 


Column  Code  Routine 

_ _ _  Format 

7  IS (I, 6)  (continued) 


Explanation 


=  1  Use  adiabatic  wall  temperature  and 
Reference  Temperature/Spalding-Chi 
methods. 

=  2  Use  input  wall  temperature  and  Refer¬ 
ence  Temperature/Spalding-Chi  methods. 

Tw  Input  in  CC  47-52  and  53-58. 

=  3  Calculate  wall  temperature  and  skin 
friction  using  Reference  Enthalpy/ 
Spalding-Chi  (with  enthalpy  ratios) 
methods. 

»  4  Use  adiabatic  wall  temperature  and 
Reference  Enthalpy/Spalding-Chi 
(with  enthalpy  ratios)  methods. 

=  5  Use  input  wall  temperature  and  Refer¬ 
ence  Enthalpy/Spalding-Chi  (with 
enthalpy  ratios)  methods.  Tw  input 
in  CC  47-52  and  53-58. 

=  6  Calculate  wall  temperature  and  skin 

friction  using  Reference  Temperature/ 
Reference  Temperature  methods. 

-  7  Use  input  wall  temperature  and  Refer¬ 
ence  Temperature/Reference  Temperature 
methods.  Tw  Input  in  CC  47-52  and  53-58. 

=  8  Calculate  wall  temperature  and  skin 
friction  using  Reference  Enthalpy/ 
Reference  Enthalpy  methods. 

=  9  Use  input  wall  temperature  and  Refer¬ 
ence  Enthalpy /Reference  Enthalpy 
methods.  Tw  input  in  CC  47-52  and  53-58. 


8  IS(I,7)  SKINFR  Flag  to  control  printing  of  skin-friction 

II  data  for  each  skin-friction  surface  element. 

=  0  Do  not  print. 

=  1  Print  skin-friction  data.  This  is 

recommended  option  for  most  applications. 


9  IS(I,8)  SKINFR  Print  flag  for  flow  characteristics  before 

II  and  after  the  shock  or  expansion. 

=  0  Do  not  print. 

=  1  Print  flow  characteristics. 
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Mark  III  Skin  Friction  Element  Data  Cards  (continued) 


Column  Code 


10  IS(I,9) 


Routine 

Format 

SKINFR 

II 


11-19  SURF(I,1)  SKINFR 
F9.0 


Explanation 


Iteration  and  local  skin  friction  print 
flag. 

=  0  Do  not  print. 

=  1  Print  iteration  results  for  wall 
temperature  and  the  final  local 
skin-friction  data. 

»  2  Print  the  final  local  skin-friction 
data  but  not  the  iteration  results. 
This  is  the  recommended  option  for 
most  applications. 

Skin  friction  element  surface  wetted  area 
in  same  units  as  Sref.  If  Input  as  0.0 
then  the  program  will  use  the  surface  area 
as  calculated  from  the  input  geometry  unit 
for  each  element.  The  input  wetted  area 
must  correspond  to  the  Input  skin-friction 
geometry  (i.e.,  if  the  Symmetry  flag  is  0, 
laft  side  of  the  vehicle  input,  then  the 
input  wetted  area  should  be  only  for  the 
left  side) . 


The  four  input  quantities  in  CC  20  through  46  furnish  to  the  program  the 
planform  shape  of  the  skin-friction  surface  being  analyzed  ("Surface-of- 
Interest") ,  and  the  shape  of  the  Initial-surface  (uo  account  for  the  fact 
that  the  flow  has  traversed  some  other  part  of  the  shape  before  reaching 
the  surface  of  interest).  This  information  is  not  obtained  from  the  input 
skin-friction  geometry  data  input  on  the  Type  3  cards.  The  input  skin- 
friction  geometry  data  are  used  only  to  establish  the  position  and  orien¬ 
tation  of  the  centroid  and  the  area  of  each  skin-friction  surface.  The 
diagram  below  illustrates  the  input  parameters  required  on  the  Skin 
Friction  Element  Data  cards. 


20-28  SURF (I, 2)  SKINFR 

F9.0 


The  longest  length,  of  the  surface-of- 
interest  (1*2  in  the  diagram  above).  Feet. 


29-34  SURF(I,3)  SKINFR 
F6.0 


The  longest  length  of  the  initial-surface 
(Lj  in  the  diagram  above).  Feet. 
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Mark  III  Skin  Friction  Element  Data  Cards  (continued) 

Column  Code  Routine  Explanation 

_  Format  _ 

35-40  SURF(I,4)  SKINFR  The  taper  ratio  of  the  initial-surface 

F6.0  This  taper  ratio  is  defined  as 

the  ratio  of  the  shortest  chord  length 
to  the  longest  chord  length.  If  both  the 
initial-surface  longest-length  and  the 
longest  length  of  the  surface-of-interest 
are  on  the  same  edge  of  the  shape,  then 
the  taper  ratio  of  the  initial-surface  is 
input  as  a  positive  number.  If  these 
lengths  are  on  opposite  sides  of  the  shape 
such  as  in  the  diagram  on  the  previous 
page  then  the  initial  surface  taper  ratio 
is  input  as  a  negative  number.  With  these 
ground  rules  the  absolute  value  of  the 
taper  ratio  will  never  be  greater  than  1.0. 


41-46 

SURF (1,5) 

SKINFR 

F6.0 

The  taper  ratio  of  the  surface-of-interest 
(*2/1*2)  •  This  taper  ratio  is  defined  as 
the  ratio  of  the  shortest  chord  length. 
This  taper  ratio  is  always  positive  and 
never  greater  than  1.0. 

47-52 

SURF(I,6) 

SKINFR 

F6.0 

Input  wall  temperature  for  laminar  calcu¬ 
lations,  °R.  This  input  is  used  when  CC  7 
■  2,  5,  7,  or  9. 

53-58 

SURF(I,7) 

SKINFR 

F6.0 

Input  wall  temperature  for  turbulent 
calculations,  °R.  This  input  is  used 
when  CC  7  »  2,  5,  7,  or  9. 

59-62 

SURF (I, 8) 

SKINFR 

F4.0 

(Not  used  in  present  program) 

71-72 

TYPE 

SKINFR 

12 

Card  Type  number.  Not  used  in  present 
program. 

A  data  load  sheet  for  the  Mark  III  Skin  Friction  Element  Data  Cards 
is  given  on  the  following  page. 
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SPECIAL  ROUTINES  OPTION  INPUT  DATA 


The  Special  Routines  section  of  the  program  ia  reached  by  way  of  sub¬ 
option  calls  from  the  AERO  Executive  routine.  The  Special  Routines 
routine  currently  has  two  options;  the  Summation  routine,  and  the  Derivative- 
Trim  routine.  The  basic  purpose  of  the  Summation  routine  is  to 
add  together  the  aerodynamic  force  coefficients  of  the  separate  vehicle 
components  as  calculated  in  the  Force  and  Skin  Friction  programs. 

The  components  to  be  added  are  selected  by  component  number  (sequence 
number  in  which  they  were  placed  on  to  the  Force  Data  unit  9) .  This 
option  may  also  be  used  to  punch  force  data  from  the  Force  Data  Save 
unit  (9)  and/or  to  print  out  the  force  data. 

The  Derivative-Trim  routine  is  used  to  determine  the  aerodynamic 
coefficient  derivatives  and  to  prepare  trimmed  coefficient  data. 

It  uses  data  stored  on  the  Force  Data  Save  unit. 


Special  Option  Selection  Card  (2011) 


Column  Code  Routine 

_  _  Format 


Explanation 


1  IFG(I) 

2  IPG(2) 

3  IPG (3) 

•  * 

«  » 

•  • 

etc. 

20  IPG(20) 


SPEC  Special  Routines  sub-optione  to  be  used  in 
2011  the  order  given. 

-  I  Summation  Program  will  be  called. 
This  program  may  be  used  to  add, 
print  and  punch  force  data  saved  on 
the  Force  Data  Save  unit  (9). 

■  2  Derivative-Trim  option. 

(not  active  in  the  current  version) 


SUMMATION  ROUTINE  OPTION 


This  routine  may  be  used  to  selectively  sum,  print,  and  punch  data 
that  has  been  stored  on  the  Force  Data  Save  unit  (9)  by  the  Force 
and  Skin  Friction  routines.  The  results  of  the  summations  may  aleo 
be  stored  on  the  Force  Data  Save  unit.  This  is  the  only  option 
provided  in  the  program  for  adding  together  the  force  contributions 
of  different  vehicle  components. 

Summation  Control  Card  (511,14,2012) 

Column  Code  Routine  Explanation 

_  _  _  Format  _  _ 


1  LAST  SUM 

II 


2  ISUM  SUM 

11 


3  ISAVE  SUM 

II 


4  1PRINT  SUM 

II 


5  IPUNCH  SUM 

II 


Last  control  card  flag. 

*■  0  This  is  not  the  last  control  card. 

Another  Control  card  will  be 
expected  next. 

*  1  This  is  the  last  control  card. 

Return  to  the  Aero  routine  after 
this  card  set  of  sum/prir.t/punch 
instructions  is  completed. 

Summation  flag. 

-  0  Do  not  sum  up  component  forces. 

■  1  Sum  up  all  the  vehicle  components 

as  specified  by  the  ICOMP  parameter. 

Data  save  flag. 

*■  0  Save  summation  data  on  the  Force 
Data  Save  unit  (9) . 

■  1  Do  not  save  summation  data. 

Print  control  flag. 

-  0  Print  out  summation  data  only. 

Component  data  will  not  be  printed. 

■  1  Print  component  and  summation  data. 

Print  component  data  even  if  summation 
was  not  performed. 

Punch  control  flag. 

*  0  Do  not  punch  any  data. 

-  1  Punch  aummation  data  only. 

*  2  Punch  both  component  and  summation  data. 

The  data  will  be  punched  in  the  following 
order  on  a  single  card. 

ALPHA,  CN,  CA,  CM,  Cl,  CLN,  C  LL, 

BETA,  IRUN 

The  card  format  is  as  follows: 

FORMAT  <7F9.4yF7.2,lX,I4) 

One  identification  card  is  punched  for  each  set. 


Summation  Control  Card  (continued) 


Column  Code  Routine  Explanation 

_  Format  _ 


6-9  I RUN 

10-11  I COMP ( 1) 
12-13  IC0MP(2) 
14-15  IC0MP(3) 


SUM  Run  number  to  be  punched  on  the  punched 

14  cards. 

SUM  Selected  component  sequence  numbers  to 

2012  be  summed,  printed,  and/or  punched. 

These  numbers  must  correspond  to  the 
the  order  of  the  data  placed  on  the 
Force  Data  Save  unit  (9)  in  the  Force 
and  Skin  Friction  routines.  For  example, 
if  you  wish  to  sum  up  components  number 
5,  7,  and  11,  then  input  IC0MP(1)“5, 
1C0MP (2)“7 ,  and  ICOKP(3)-ll. 


etc. 

48-49  1 COMP (20) 


If  LAST  ■*  0  then  another  Summation  Control  Card  will  be  expected  next. 
If  LAST  -  1  then  the  return  to  AERO  will  be  called  next. 
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AUXILIARY  PROGRAMS 


This  program  option  is  reached  by  way  of  System  Option  calls  from  the 
Main  Executive  Routine  System  Control  Card  (IPG  ■  4).  The  Auxiliary 
Programs  feature  is  provided  as  a  means  of  attaching  additional  programs 
or  features  to  the  Mark  IV  program  framework  sb  might  be  required  by 
the  user.  At  the  present  time  only  the  General  Cutting  Plane  routine 
is  provided  as  an  option. 

Auxiliary  Programs  Control  Card  (1011) 

Column  Code  Routine  Explanation 

_  Format  _ _ _ _ _ 


1 

IAUX(i) 

AUXILI 

Auxiliary  program  options  in  the  order  that 

11 

they  are  to  be  executed. 

IAUX 

Option 

2 

IAUX(2) 

AUXILI 

11 

-  1 

Not  uted.  Available  for  user 
additions. 

3 

IAUX(3) 

AUXILI 

*  2 

Not  used. 

11 

■  3 

Not  used. 

• 

• 

♦ 

-  4 

General  Cutting  Plane  Option 

etc. 

10  IAUX(10)  AUXILI 
II 


GENERAL  CUTTING  PLANE  OPTION 


Introduction 

The  general  cutting  plane  option  haa  the  capability  to  determine  the 
section  shape  of  an  arbitrary  body  in  any  desired  plane*  That  is,  the 
intersection  of  an  arbitrary  body  cut  by  a  plane.  The  orientation  of 
the  cutting  plane  is  general  being  specified  by  a  point  in  space  and 
three  rotation  angles.  The  cutting  planes  may  be  requested  singly  or  in 
multiples  and  for  convenience,  the  latter  have  been  classified  into  two 
types:  meridian  and  parallel  cuts. 

Meridian  cuts  all  pass  through  the  same  point  in  space  and  are  "one¬ 
sided"  whereas  the  parallel  cuts  are  "two-sided"  and  do  not  pass  through 
the  same  point.  The  meaning  of  one-sided  is  that  intersections  are  only 
found  on  one  side  of  the  YP-axis,  and  obviously  two-sided  refers  to 
both  sides  of  the  YF-axis  (see  sketch  below). 

A  vehicle  configuration  is  made  up  of  phyBical  components  such  as  the 
fuselage,  wing,  et. ,  which  are  composed  of  geometry  panels  (status  3's). 
These  panels  in  turn  are  made  up  of  the  quadrilateral  elements.  In  using 
the  general  cutting  plane  the  dceired  panels  are  selected  by  name  (as 
many  as  10  on  a  single  pass).  The  intersections  which  form  the  section 


Meridian  Cut,  One-Sided 


Parallel  cut,  Two-Sided 


shape  are  collected  for  each  cutting  plane  but  randomly  as  they  are 
calculated.  Several  options  are  available  for  ordering  them: 

1.  By  individual  panel 

2.  By  all  panela  as  a  group 

3.  By  panels  as  sets 

The  ordering  may  be  done  with  respect  to  each  of  the  three  body  coordi¬ 
nates  (X,Y,Z)  and  also  with  respect  to  the  axial  coordinate  (A)  of  the 
cutting  plane. 
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Cutting  Plane  Orientation 


The  orientation  of  a  plane  is  completely  described  by  its  normal  vector 
and  a  point  in  sgace  lying  in  the  plane.  For  convenience,  the  positive 
triple  (Tj_,  T2,  T3)  is  used_to_define  the  cutting  plane,  which  initially 
is  coincident  with  the  i,  j,  k  coordinate  vectors,  respectively,  of  the 
body  system.  T2  is  the  cutting  plane  normal  vector  and  the  coordinate 
origin  is  selected  as  the  point  lying  in  the  plane. 


The  orientation  of  an  arbitrary  cutting  is  then  specified  by  three 
rotations  in  a  yaw-pitch-roll  sequence  (^c,  0O,  $Q)  and  by  a  translation 
of  the  origin  (xQ,  y0,  z02-  Angle  iji0  is  a  rotation  about  T3,  angle 
60  Is  a  rotation  about  T2,  and  angle  Is  a  rotation  about  T3.  The 

Intersections  are  determined  in  the  plane  of  T2,  T3  in  which  the  cutting 
plane  is  viewed  as  a  line.  All  the  elements  are  projected  Into  this  plane 
and  the  coordinated  axis  are  labeled  YP  and  ZP  (T2  and  T3,  respec¬ 
tively).  Since  the  rotation  does  not  effect  the  viewing  plane.  It  is 

accounted  for  as  an  offset  or  initial  value. 


Specification  of  Cutting  Planes 


Meridian  planes  are  specified  by  a 
rotation  plane.  Meridian 

planes  may  be  specified  individ¬ 
ually  input  In  ascending  order) 
or  Selected  as  equally  spaced.  In 
the  latter  case, 

4»(I)  -  *0  +  (I  -  1)*A$;  1-1,  NPL 

where  NFL  is  the  number  of  planes 
and 


360 

NPL 


Parallel  cutting  planes  are  inclined 
at  a  conetaut  angle  $c  and  also 
may  be  input  individually  or 
selected  as  equally  spaced. 


The  positions  of  the  parallel  planes 
are  input  in  body  coordinates  (X,  Y, 
Z)  and  the  points  are  automatically 
transformed  to  the  viewing  plane 
YP-axis.  If  equal  spacing  is 
selected,  the  two  end  points  are 
input  and  the  planes  are  located  at 

YPA(l)-  YPA(l)  +  (I -1)*  YPA;  I-l.NPL 
where 

YPA  -  [YPA(NPL)  -  Y?A(1)]/(NPL-1) 
and  NPL  is  the  number  of  planes. 


ZP  i 
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Section  Shapes  and  Data  Ordering 


Each  point  of  a  section  shape  is  identified  by  the  name  (ID)  and  element 
number  (J)  of  the  panel  from  which  it  was  calculated.  Five  variables  are 
given  for  each  point:  the  three  coordinates  of  the  point  in  the  body 
system  (X,  Y,  Z) ,  the  axial  coordinate  (A)  of  the  cutting  plane,  and  the 
radial  distance  (R)  normal  from  the  axiB  to  the  point.  The  section  data 
may  be  ordered  (arranged  numerically)  with  respect  to  four  of  these 
variables:  X,  Y,  Z,  and  A.  The  numerical  arrangement  for  X,  A  is  in 
descending  order  and  for  Y,  Z  in  ascending  order,  consistent  with  the 
arbitrary  body  coordinate  convention. 

The  ordering  may  be  done  for  each  panel  independently,  for  all  panels 
taken  together,  and  also  by  considering  each  panel  as  a  set  and  ordering 
these  sets.  When  ordering  by  sets  coincident  points  between  two  sets  are 
removed  from  the  final  distribution.  Also,  when  ordering  by  sets,  a  base 
panel,  to  which  the  remaining  panels  are  added,  must  be  specified.  Some 
care  must  be  taken  in  the  choice  of  variable  to  be  used  in  ordering.  For  ~ 
example,  in  cross  section  cuts  the  axial  coordinate  will  be  double  valued 
and  the  ordered  distribution  would  be  meaningless.  A  better  choice  for 
this  case  would  be  the  Z  coorc'uate. 

Symmetry  Considerations 

Most  cor  figurations  are  loaded  with  ±Y-symmctry  (geometry  input  flag 
SYMFCT  “  0  or  2)  and  this  is  automatically  accounted  for  in  the  general 
cutting  plane  option.  However,  for  many  applications  it  is  not  necessary 
to  include  this  feature  avid  thus  an  override  input  flag  has  been  provided 
to  ignore  symmetry. 
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INPUT  TO  GENERAL  CUTTING  PLANE  OPTION 


Configuration  Description  Card  (15A4) 


Column 

Code 

Routine 

Format 

Explanation 

1-60 

CT1TLE 

GENCUT 

15A4 

Configuration  title 

Component  Control 

Card  (A4 j 

25X11 , 4X11 , 3X12 , 4X11 ,9X11) 

1-4 

TITLE 

GENCUT 

A4 

Component  identification 

30 

IORG 

GENCUT 

11 

Origin  card  flag. 

■  0  Zero  (0.0)  will  be  assumed  for  all  of 
origin  variables.  The  Cutting  Plane 
Origin  and  Orientation  Card  will  not 
be  input. 

*  1  The  cutting  Plane  Origin  and  Orientation 
Card  will  be  input. 

35 

1NPHI 

GENCUT 

11 

Cutting  plane  type  flag. 

-  0  Meridian  cuts  will  be  equally  spaced. 

■  1  Meridian  cut  positions  will  be  input. 

»  2  Parallel  equally  spaced  cuts  will  be 

generated  by  the  program.  Two  Faiallei 
Planes  Input  Position  Cards  will  be 
input  to  give  the  position  of  the  first 
and  last  cutting  planes. 

»  3  Parallel  cute  with  arbitrary  input 
spacing  will  be  used.  The  number  of 
cuts  will  be  equal  to  NPL  and  the  number 
of  Parallel  Planes  Input  Position  Cards 
will  also  be  equal  to  NFL. 


39-40 

NPL 

GENCUT 

12 

Number  of  cutting  planes  (-  36) . 

45 

1SYM 

GENCUT 

11 

Symmetry  override  flag, 

■  0  Symmetry  of  the  geometry  data  is  ignored. 

■  1  Symmetry  of  geometry  data  is  used. 

55 

IPRNT 

GENCUT 

11 

Special  print  flag. 

■  0  Do  not  print  detailed  checkout  data. 

■  1  Print  detailed  checkout  data. 


Cutting  Plane  Origin  and  Orientation  Card  This  card  read  only  if  IORG-  1. 

(6F10.0) 


1- 

■10 

XPO 

11- 

■20 

YPO 

21- 

-30 

ZPO 

zo 

31- 

■40 

PSIO 

to 

41-50 

THEO 

00 

51-60 

PHIO 

*0 

GENCUT  Definition  of  cutting  planes  origin  and 
6F10.0  orientation  (see  discussion  on  page  135). 

Xf  IORG  -  0,  zero  (0.0)  will  be  assumed  for 
all  of  these  variables. 


Meridian  Plants  Input  Position  Card  (six  values  per  card) 


Column 

Code 

Routine 

Format 

Explanation 

1-10 

11-20 

etc. 

PHI  (1)  4>i 

PHI  (2)  4-2 

phi(npl; 

GENCUT 

6F10.6 

4>n 

Meridian  angles  in  degrees  (must  be  in 
ascending  order) . 

Parallel  Planes  PHI  Card 

This  card  read  only  if  INPHI»‘2  or  3 

Column 

Code 

Routine 

Format 

Explanation 

1-10 

PHICr 

GENCUT 

F10.6 

Plane  angle  in  degrees 

Parallel  Planes  Input  Position  Cards  These  cards  read  only  if  lNPHI-*2  or 

1-10 

XN 

GENCUT 

F10.0 

If  INPHI,a2,  two  cards  read 

11-20 

YN 

GENCUT 

FIO.O 

If  INPHI-3,  NPL  cards  read 

21-30 

ZN 

GENCUT 

F10.0 

Panel 

Identification  and  Control  Card  (A4, 50X11 ,5X11) 

1-4 

IPANL 

GENCUT 

14 

Panel  number.  Geometry  data  on  unit  4 
corresponding  to  this  number  is  used. 

IPRINT 

GENCUT 

11 

Special  print  flag  (checkout  only) 

LAST 

GENCUT 

11 

-  0  another  card  of  this  type  will  be  read 
“  1  this  is  last  panel  ID  card 

A  maximum 

of  10  panel  ID  cards  may  be  used. 

Output 

Data  Control  Card 

(1011,3X12, 5XA4 , 5X11 , 24X11 ) 

1 

2 

3 

4 

10R(1) 

I0R(2) 

I0R( 3) 
I0R(4) 

OUTD 

1011 

Ordering  flag  for  each  panel  individually 

"0  no  ordering 

1*  0  points  will  be  ordered  as  per 
variable  flag  IOV 

10 

I0R(10) 

14-15 

IOG 

OUTD 

Croup  ordering  flag 

12 

<  0  all  panels  ordered  as  if  random  set 

*  0  no  group  ordering 
-  1  panels  ordered  by  groups 


Output  Data  Control  Card 


(continued) 


Column 

Code 

Routine 

Format 

Explanation 

21-24 

COMPB 

OUTD 

A4 

Base  panel  oi  group  (see  discussion  on 
page  136  ). 

30 

I0V 

OUTD 

11 

Flag  to  signify  variable  to  be  ordered. 

■  0  axial  coordinate  (also  default) 

■  1  X-coordinate 
”  2  Y-coordinate 
»  3  Z-coordinate 

55 

1PRINT 

OUTD 

11 

Output  print  control  flag. 

°  0  Do  not  print  results. 

■  1  Print  output  data. 
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SECTION  IV 
OUTPUT  DATA 


The  amount  of  output  data  generated  by  this  program  is  controlled  by 
the  various  input  print  flags.  The  basic  philosophy  involved  in  the 
output-data  printing  is  outlined  below  and  followed  by  a  more  detailed 
description  of  the  output  from  each  part  of  the  program. 

The  first  data  card  input  to  the  program  contains  a  flag  (INMONT)  that 
causes  all  of  the  input  data  to  be  copied  from  the  usual  input  unit  (5) 
to  a  storage  unit  (1).  As  this  is  being  done  all  of  the  input  data 
cards  (except  for  the  very  first  card  in  the  deck,  the  Executive  Flag 
Card)  are  written  out  on  the  output  unit  (6).  A  column  identification 
header  is  printed  out  at  the  top  of  eacn  page  as  an  aid  in  locating 
the  card  columns. 

Parts  of  the  program  may  prepare  up  to  four  basic  types  of  output  data. 

1.  Basic  output  data  always  required  by  the  user. 

2.  Detailed  results  needed  to  better  understand  the  results  of 
the  program  (A.e.,  detailed  pressure  distributions).  These 
are  usually  controlled  by  an  input  flag. 

3.  Intermediate  results  of  program  calculations,  iterations,  etc. 
These  are  always  controlled  by  an  input  flag. 

4.  Checkout  print  data  used  only  to  track  down  program  difficulties. 
These,  are  usually  controlled  by  internal  flags  set  within  the 
routine  where  the  printout  occurs. 

The  output  volume  from  this  program  may  be  small  or  very  large  depending 
upon  the  needs  of  the  user.  The  user  will  be  aware  of  his  output  needs 
for  a  specific  problem  and  should  adjust  his  print  line  estimate  on  his 
job  card  accordingly  in  order  to  avoid  having  the  job  stopped  because 
of  exceeding  an  output  limit. 
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DAIA(IO)*  Z-direction  cosine  component  of  the  surface  velocity  vector 
DATA(11)“  P/P„  at  the  surface  point. 

DATA(12)=  T/Ta,  at  the  surface  point.  _ 
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DETAILED  FORCE  CHARACTERISTICS  OF  EACH  ELEMENT 


^  g 

u  o 
o  u 
<n 

li 

<u 

1)  4J 
03 

c 

0)  *H 


"0  P 
3-1  O 
G 

O  -U 

G 

0  U 
JC  CL 
U 

QJ  03 
2C  O 
•H 
03  4-J 
G  O) 
3  ^ 
CO  u 
CO  <u 
0)  4J 

u  cj 

P*  <0 

>4 

0)  G 
X  4= 


O 

o 


f*  ^ 

P4  G 

W  01 

e 

oo  <11 

nJ  iH 
rH  0) 
Uh 

<u 

a»  j2 

rG  4J 
4J 

P 

G  O 

0)  4H 

>  T3 
03 

T3  C0 

0)  D 


fj 

3  O 

*9  oo 

£ 

O  rH 

Hi 

G  (0 

*■ 

PH 

•  • 

(0 

t 

CO  v4 

< 

*tH 

JC 

o 

£ 


XI 

9 

< 

'1 

40 

9 

* 

44 

9 

* 

■* 

< 

A 

•I 

♦* 

• 

O 

X 

J 

9  9 

.0  4, 

-H  *4 

-r 

9 

o 

o  >- 

^  a: 

44  xi 

•  < 

A  g 

O  3 

4 

il 

II 

>0  x 

z 

J 

•0  A 

) 

9 

•H  • 

9  9 

9 
^  44 

•0  pfc 
"H  N 

J 

A-  J 

N 

—4 

-C 

4 

C 

4 

X 

-0  II 

9  9 

•  a 

O 

■  >J  0 

9 

jt 

« 

3  t 

H 

-H 

O 

0 

A  < 

-4 

9 

> 

A 

•  I  !|  4, 

3 

—  J 

sJ  < 

<  X 

a  /  J 

5"  j 


n  3  -4 


J  z 

vj  9 
9 


4J 

u 

» 

1  O  II 
•H 

X 

9 

G 

0) 

9 

9  C 

O 

9 

< 

□ 

f-H 

3-1 

il 

< 

* 

II  II  »- 
4J 

9  9 

44 

5? 


3  3 
•  a 
O  9 


44  Ai 

r-  f- 

■r  <f 

A  A 

*  * 

«  • 

O  9 


3 

r 

< 

> 


> 

z 


3 

-J 

*3 

M 

4* 

X 

J 


o 

J 


'l 

s 

•-» 

z 


o  5 

•  j  j  ii 

4  •  • 

o  o  N  4. 

*H 

II 


It  II 
•L 

44  9 
X  9  3 
v4  • 

A  9 

3 

■ 

O 

u  II 
9 

0  oc 

Z 

X 


A  9 


9  -I 

9 
-3  O 

44 

Q 


Z  M 
->  „  Z 

Z  44 
-I  9  o 


o  o 

•  a 

O  9 


'1 

45 

•  -H 

O  3 


*  I 
?  3 

«N  ■‘l 

O 


O  I 

^  z 

•  a 

?3 

JJ 

o  * 

A 

A  X 

O  O 

.**■  9 

•  4. 

* 


* 

3 


O  C 


II  il 


* 

* 

»-  3  >■ 

J  J 

H  >■ 

J 

O  _)  j 

5  •  »o 

•i  3  ‘J  • 

•  3 

T 

«  « 

II  II  ^  J 
X  9 
o  o  < 

<  9  *• 

C  «  M  O 

< 

II 


z 

n  a  4  ii 

44  U  44  «i 

r*-  f*.  ,«o  *-i  ./> 
-o  «  ->  p 
>>  oT< 

41  A  O^r- 

-*  *4  -4  *  4 
•**#-» 
9  y  -  5  i 

I  I  (A  c 
•'W  X 


9 

a 

9  . 


4* 

?' 


G 

a 

o 

44 


9 

P. 


G 

O 


O 

•H 


03 


P 

O 


> 

9 


9  j 


r- 

< 

3 


:j  ■ 


**  3- 

9  z 

«C  Oj 

JJJ 

vU  K 


—4  .* 
O  U 

►"  z  o 

z  «< 

44 

£ 

44 

-4 


J-  .1 
4i  -t 

'»  X 

<\  J  4 

Oy  fl 
*  •  ••—§!! 

o  *  .->  O  J 


— 

t  -?  ry 

ao  o  « 

II  rt  N 

44  sii  44  < 

^S?5? 

•*  *+  t  J  -4 
»  *  »J4 

9  O  <J) 


4.J 
C 

o>  g  a 

B  <U  0J 

S  L*  _ 

W*  ®  G  -H 

^  5  4J  *H 

G  CJ  «H  ij  cJ  U-l 

n  O  P  4>4  4-1 

^  ®  »  B  fl  01 

p  0  o  oi  o 

o  o  I  B  §  ° 

<»$*  2 

O  Tl  DO  3 

■h  ,c  (3  m 

t>  -H  to 
^  "  H  4J  >  « 

JS  r*  o  q  *h  S  u 

<  OT  2  «  PL,  PM  fV| 


to  w  to  U) 


n  n  II 


H  II  K  II  II  ||  II 


?• 

4J 

o 

«N 

r-  ■ 

a 

9  C. 


3  S  B  U  S  d 

g  g  | 

oo  opapU-<obC 


u  c 


150 


DETAILED  FORCE  CHARACTERISTICS  07  EACH  ELEMENT  (continued) 
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11  different  sets  of  data.  The  first  set  consisted  of  data  for  panels  #1  and  It 2 .  The  second 
consisted  of  panels  #3  and  H,  the  third  set  had  only  panel  It 5,  etc. 
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APPENDIX  A 


INVISCID  PRESSURE  CALCULATION  METHODS 


Ail  important  feature  of  the  Supersonic-Hypersonic  Arbitrary-Body  Program 
is  the  number  and  variety  of  pressure  calculation  methods  available  to 
the  user.  The  significance  of  this  capability  can  be  felt  in  two  ways. 
First,  a  proper  choice  of  the  method  to  be  used  on  each  component  of  a 
vehicle  will  give  reliably  accurate  aerodynamic  characteristics.  Second, 
when  the  choice  of  methods  is  not  clear  several  methods  may  be  tried, 
the  results  compared,  and  a  logical  interpolation  of  the  data  used.  The 
analysis  of  arbitrary  complex  shapes  poses  a  difficult  problem  for  the 
aerodywamicist  as  he  must  decide  for  a  particular  shape,  Mach  number, 
angle  of  attack  range,  and  altitude,  which  pressure  calculation  method 
will  give  the  most  correct  results.  No  computer  program  will  be  able 
to  relieve  the  aerodynamicist  of  this  task.  Thus  the  quality  of  answers 
which  can  be  obtained  is  related  to  the  personal  background  and  experience 
of  the  program  user  in  the  area  of  supersonic-hypersonic  aerodynamics. 

Of  course,  if  the  program  does  not  contain  a  pressure  method  suitable 

for  a  given  problem,  the  user  must  attempt  to  devise  one  and  add  it  to  the 

program. 

This  Appendix  presents  a  brief  comparison  of  the  various  pressure 
calculation  methods  provided  in  this  program.  To  assist  the  less 
experienced  user  a  brief  discussion  is  also  presented  of  the  more 
important  pressure  methods  and  of  the  key  factors  involved  in  selecting 
a  method  for  a  particular  application. 

COMPARISON  OF  METHODS 


Presented  in  this  section  is  a  comparison  of  the  force  calculation 
methods  available  within  the  program.  The  comparison  has  been  divided 
into  three  groups:  (1)  analysis  techniques  generally  used  for  pointed 
slender  configurations,  (2)  analysis  methods  for  blunt  shapes,  and 
(3)  force  predictions  in  the  free  molecular  regime. 

Figures  A-l  and  A-2  present  the  pressure  coefficient  variation  with 
impact  angle  for  analysis  techniques  generally  used  on  pointed  slender 
components.  Also  presented  for  comparison  purposes  is  the  modified 
Newtonian  theory  with  K  “  2.4.  This  is  the  limiting  value  for  wedge 
type  flow  as  proposed  by  Lees  in  Reference  2 .  Figures  A-3  to  A-6 
present  the  same  data  over  a  smaller  impact-angle  range.  At  M  =  20 
the  modified  Newtonian  and  the  tangent-wedge  empirical  methods  compare 
favorably  with  the  "exact"  oblique-shock  calculations  for  impact 
angles  from  0°  to  over  30° . 

Figures  A- 7  and  A-8  present  a  comparison  of  various  techniques  for  both 
pointed  and  blunt  configurations  in  expansion  flow.  It  should  be  noted 
that  the  Van  Dyke  Unified  method  for  expansion  flow  has  been  modified 
such  that  if  a  pressure  coefficient  of  less  than  — l/M^  is  calculated 


1  £.  /. 


for  a  given  expansion  angle  the  pressure  coefficient  is  set  equal  to 
-1/M2.  This  limiting  value  of  pleasure  coefficient  has  been  derived 
from  analysis  of  experimental  data  (see  References  3  and  4  ) . 

Blunt-body  pressure-coefficient  calculations  are  compared  in  Figures 
A-9  to  A-12.  The  pressure-coefficient  variation  with  impact  angle  is 
plotted  in  the  form  cp/CpgT^G  as  suggested  by  Lees  in  Reference  2  . 

The  calculations  for  Newtonian  Prandtl-Meyt r  utilized  stagnation 
conditions  behind  a  normal  shock,  in  an  ideal  gas. 

Comparison  or  Free  Molecular  Flow  calculations  by  the  program  and  data 
presented  in  Reference  5  are  shown  in  Figures  A-13  through  A-16. 
Flat-plate  lift  and  drag  coefficients  are  compared  in  Figure  A-13, 
assuming  specular  reflection.  Figures  A-14  and  A-15  present  the  lift 
and  drag  of  a  flat  plate  for  the  more  realistic  diffuse-reflection 
assumption.  Finally,  the  crag  coefficient  for  a  sphere  with  both 
specular  and  diffuse  reflection  assumption  is  shown  in  Figures  A-16. 
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Figure  A-2.  Comparison  of  Pressure  Prediction  Methods  for  Sharp  Bodies  in  Compression 
Type  Flow 
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Figure  A -6.  Comparison  cf  Pressure  Prediction  Methods  for  Sharp 
Bodies  in  Compression  Type  Flow 
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Figure  A-7.  Comparison  of  Pressure  Prediction  Techniques  for 
Expansion  Type  Flow 
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Figure  A-8.  Comparison  of  Pressure  Prediction  Techniques  in 
Expansion  Type  Flow 
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Figure  A- 10.  Comparison  of  Blunt  Body  Pressure  Estimation 
Techniques 
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Figure  A- 12.  Comparison  of  Blunt  Body  Pressure  Estimation 
T  echniques 
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Figure  A-i3.  Comparison  of  Free  Mo'lecuiar  Flow  Lilt  and  Drag 
fnr  a  Flat  Plate  with  Specular  Reflection 


Figure  A-16,  Comparison  of  Free  Molecular  Drag  on  a  Sphere 
with  Diffuse  Reflection 


DISCUSSION  OF  PRESSURE  METHODS 


A  brief  review  of  the  important  features  of  some  of  the  pressure 
calculation  methods  in  the  program  is  presented  in  the  following 
discussions. 

MODIFIED  NEWTONIAN 

Modified  Newtonian  is  one  of  the  most  extensively  used  methods  in 
hypersonic  flow  analysis.  Its  great  utility  lies  in  its  ability  to 
give  reasonable  answers  for  a  great  number  of  shapes  with  a  very  simple 
calculation  technique.  The  capabilities  derived  from  the  ability  to 
use  variable  K  as  a  function  of  angle  of  attack  is  shown  in  Figure  A-17 . 

As  shown  in  this  figure  the  Modified  Newtonian  form  permits  application 
of  tangent  wedge  (or  tangent  cone) ,  an  empirically  defined  equation 
for  a  given  shape,  or  an  effective  K  for  a  complete  configuration  at 
a  given  Mach  number.  Also,  the  effect  of  a  real  gas  may  be  introduced 
by  variation  of  K  for  very  blunt  bodies.  In  general  the  use  of 
modified  Newtonian  theory  may  be  divided  into  two  groups  for  discussion 
purposes,  (1)  aerodynamically  blunt  configurations  and,  (2)  aerodynamical ly 
sharp  configurations.  By  aerodynamically  blunt  configurations  it  is 
meant  that,  although  the  leading  edge  may  be  sharp  and  pointed,  the 
impact  angle  of  the  nose  is  greater  than  that  for  shock  detachment.  In 
true  Newtonian  flow  (M  »  y  “  1)  the  variable  K  becomes  2.0. 

modified  Newtonian  (K  other  than  2.0)  techniques  have  been  shown  to 
give  reasonable  results  for  a  number  of  blunt  bodies.  The  most  commonly 
used  form  of  modified  Newtonian  is  to  input  for  K  the  Cp  stagnation 
derived  from  normal  shock  relations  into  the  equation  below. 

Cp  -  K  sin2  6 

where  6  ■  the  surface  angle  to  the  free- 
velocity  vector  (impact  angle) 

The  effects  of  a  real  gas  may  also  be  approximated  in  this  manner.  The 
comparison  of  Newtonian  and  experimental  data  is  presented  in  References 
6  to  8  for  blunt  body  shapes.  In  general,  modified  Newtonian 
(CpSTAG  ”  K)  agrees  with  data  for  spheres  if  the  Mach  number  is  greater 
than  3.  The  pressure  distribution  on  cylinders  is  not  as  good  as  on 
spheres.  However,  for  impact  angles  of  90  degrees  to  approximately  60 
degrees  the  agreement  is  reasonable  but  deteriorates  as  zero  impact 
angle  is  reached.  Nevertheless,  for  preliminary  calculations  the 
induced  error  in  CN  and  may  be  acceptable.  Examples  of  the 
comparison  of  modified  Newtonian  and  experiment  for  spheres  and  cylinders 
are  shown  in  Figure  A-18.  For  curved,  shock  detached  bodies  with  sharp 
leading  edges  of  either  two  or  three-dimene lenal  shape.  References  9  and 
10  shown  that  Cp  ■  K.  sin^d  should  be  modified  to  the  form 

Cp  sin2<S 

»■■■  m  ■  ... 

Pmax  s  In2  6  max 

which  is  sometimes  called  the  generalized  Newtonian  theory.  Comparison 
with  other  bodies  is  shown  in  Reference  11. 
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Figure  A- 17,  Modified  Newtonian  Correlation  Factors 
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Figure  A- 18.  Comparison  of  Experimental  Pressures  and  Modified 
Newtonian  Theory  for  Spheres  and  Cylinders 
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Many  approximations  exist  for  sharp  pointed  bodies.  Figures  A-13  through 
A-16  include  one  form  for  the  sharp  wedge  developed  by  Lees  in  Reference  2 
for  large  Mach  numbers 


K  »  (y  +  1) 

Also  shewn  is  the  limiting  form  of  the  cone 

K  -  2  (Y  +  1)  (y  +  7) 

<Y  +3)2 

For  large  Mach  numbers  true  Newtonian  theory,  therefore,  closely  approxi¬ 
mates  the  limiting  case  for  a  cone  rather  than  a  wedge. 

The  main  disadvantage  of  Newtonian  theory  is  its  inability  to  predict 
the  flow  field,  and  for  some  shapes,  this  effect  can  lead  to  predicted 
values  which  may  be  in  serious  disagreement  with  theory.  Seiff  in 
References  12  and  13  presents  examples  of  these  shapes  and  a  method 
for  obtaining  more  realistic  results  from  a  Newtonian  flow  concept. 

MODIFIED  NEWTONIAN  +  PRANDTL-MEYER 

One  of  the  several  procedures  for  analyzing  pressures  on  blunt  leading 
edges  is  the  Newtonian  approximation.  However,  the  Newtonian  calculations 
decrease  in  accuracy  downstream  of  the  stagnation  point  where  the  impact 
angle  approaches  zero.  The  Modified  Newtonian  +  Prandtl-Meyer 
calculation  method  improves  the  accuracy  in  the  region  of  small  Impact 
angles.  This  method  is  fully  described  in  Reference  14.  The  method 
provided  in  this  program  does  not  include  real  gas  effects.  It  should 
be  noted  that  for  some  flight  conditions  the  effective  value  of  y  may 
change  significantly  across  the  normal  shock,  for  equilibrium  flow  cf 
a  real  gas.  In  using  this  method  a  freestream  Mach  number  greater  than 
about  3  is  required  because  of  the  matching  techniques  used  for  the 
pressure  slopes.  If  this  method  is  utilized  for  relatively  sharp  corners 
in  supersonic  flow  the  methods  described  above  do  not  allow  for  the 
recompression  that  occurs  further  downstream.  Also,  incorrect  pressures 
would  be  calculated  if  the  slope  approaches  zero  a  large  distance  from 
the  blunt  nose  since  the  effect  of  the  reflected  expansion  waves  is 
neglected.  Sweep  effects  are  not  calculated  using  this  method  at  the 
present  time  (i.e.,  the  parameter  P  is  calculated  using  the  freestream 
Mach  number  ).  Thus,  the  modified  Newtonian  +  Prandtl-Meyer  force 
method  should  be  used  only  in  the  region  of  the  nose  of  a  blunt  body. 

TANGENT  WEDGE  (Oblique  Shock) 

This  force  method  utilizes  the  equations  of  NACA  TR-1135  (Reference  15) 
to  calculate  the  oblique  shock  pi  assure  and  flew  parameters.  The  local 
element  impact  angle  and  freestream  Mach  number  are  used  in  these 
calculations.  The  oblique  shock  relationships  are  also  used  in  the 
element  strip  shock-expansion  method. 
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The  tangent  wedge  (oblique  shock)  method  provided  in  the  program  is  used 
right  up  to  the  wedge  shock  detachment  angle.  At  higher  local  impact 
angles  the  program  automatically  switches  to  the  Newtonian  +  Prandtl- 
Meyer  method.  This  will  give  a  discontinuity  in  pressure  coefficient  as 
the  shock  detachment  point  is  passed.  This  problem  can  be  avoided  by 
the  use  of  empirical  tangent-wedge  relationships . 

As  the  tangent  wedge  method  uses  the  local  impact  angle,  the  accuracy 
is  configuration  dependent.  Basically,  the  tangent  wedge  approximation 
depends  on  the  very  thin  shock  layer  frequently  present  at  hypersonic 
speeds.  That  is,  s*.nce  the  shock  layer  is  thin  and  close  to  the  body 
there  it  little  change  in  the  flow  inclination  or  the  pressure  as  one 
proceeds  outward  from  the  surface  toward  the  shock.  Thus,  the  values 
at  the  surface  arc  assumed  to  be  those  immediately  behind  the  shock. 

The  shock  angle  and  related  flow  parameters  are  determined  by  the 
application  of  the  oblique  shock  method  to  a  wedge  whose  angle  equals 
the  local  impact  angle  of  the  body  with  respect  to  the  freestream 
velocity  vector. 

In  order  to  apply  the  tangent  wedge  approximation  with  some  degree  of 
confidence  the  following  criteria  should  hold:  (1)  the  body  shape 
immediately  upstream  of  the  point  of  interest  must  not  be  blunt,  (2) 
the  density  ratio  across  the  shock  should  be  small,  and  (3)  the  body 
curvature  should  be  smali,  such  that  centrifugal  pressure  effects 
are  negligible.  These  centrifugal  force  effects  give  rise  to  a  pressure 
gradient  across  the  shock  layer.  Also,  these  pressure  gradients  cause 
the  streamlines  to  change  shape  and  give  a  gradient  in  inclination 
angle  across  the  shock  layer. 

TANGENT  WEDGE  EMPIRICAL 

Comparison  of  the  tangent  wedge  empirical  method  and  oblique  shock 
relationship  is  shown  in  Figures  A-l  and  A-2,  and  again  in  Figures 
A-3  through  A-6.  See  TANGENT  WEDGE  (Oblique  Shock)  discussion  for 
application  criteria. 

TANGENT  CONE 

One  of  the  most  versatile  force  calculation  methods  is  the  tangent  cone 
technique.  The  calculation  of  cones  under  various  conditions  of  pitch 
and  yaw  are  an  obvious  application.  Another  application  is  the  highly 
swept  delta  wing.  For  leading  edge  sweep  angles  greater  than  80  degrees 
and  hypersonic  Mach  numbers  above  10,  the  tangent  cone  pressures  agree 
reasonably  well  for  the  lower  surface  pressure  coefficients  for  impact 
angles  greater  than  10  degrees.  It  should  be  noted  that  the  Tangent 
Cone  method  in  the  Mark  IV  program  is  not  the  same  as  that  used  for  the 
Tangent  Cone  Empirical  method  in  the  old  Mark  III  program.  The  new 
Tangent  Cone  method  is  the  combination  of  two  approximate  techniques, 
one  yielding  accurate  results  in  the  low  supersonic  range  and  the  other 
in  the  high  supersonic  range,  by  the  use  of  transition  functions  defined 
in  terms  of  the  appropriate  similarity  variables  to  provide  uniformly 
valid  solutions  over  the  entire  speed  range.  Specifically,  second-order 
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slander-body  theory  Is  used  for  small  values  of  the  unified  similarity 
parameter  and  the  approximate  solution  of  Hammitt  and  Murthy  for  large 
values . 

Using  this  new  Tangent  Cone  method  the  calculated  pressure  coefficients 
have  been  compared  to  exact  results  and,  for  Mach  numbers  greater  than 
2.0,  the  maximum  error  is  less  than  1  percent  and  in  the  hypersonic 
speed  range  the  average  error  is  of  the  order  of  0.25.  The  accuracy 
of  the  predicted  surface  Mach  numbers  is  extremely  good  (the  order  of 
0.3  percent  maximum  error)  throughout  the  speed  range,  except  as  bow- 
wave  detachment  is  reached. 

A  comparison  of  tangent  wedge  and  tangent  cone  calculations  for  delta 
wings  of  variouB  leading  edge  sweeps  is  presented  in  Figure  A- 19. 

Thu  experimental  data  presented  are  from  Reference  6 .  These  data  were 
obtained  with  helium  as  a  test  gas  and  a  test  Mach  number  of  20.3. 

The  sharp  leading  edge  and  the  t/L  ■  0.01  data  are  presented  with  the 
sharp  leading  edge  data  flagged.  Oblique  shock  character 'sties 
were  calculated  by  the  curves  of  Reference  7  for  helium.  The  tangent 
cone  values  agree  well  with  the  85°  sweep  data  at  low  angles,  and  with 
the  80°  sweep  at  the  higher  anglej  of  attack.  On  the  other  hand, 
the  oblique  shock  tangent  wedge  calculations  agree  over  most  of  the 
angle  of  attack  range  with  the  70°  sweep  case.  From  the  data  presented 
for  angles  of  attack  greater  than  10  degrees  the  tangent  cone  method 
would  give  reasonable  values  fox  an  80°  swept  delta  wing.  Also  shown 
for  comparison  purposes  is  the  modified  Newtonian  estimate  with 
K  ■»  y  +  1  (also  see  shock-expansion  method  discussion) . 

VAN  DYKE  UNIFIED  METHOD 

In  general  this  method  is  used  for  small  deflection  angles.  Comparisons 
of  the  Van  Dyke  Unified  method  and  oblique-shock  and  other  methods  may 
be  obtained  from  Figures  A-i  through  A-6, 

MODIFIED  DAHLEM-BUCK  METHOD 

This  is  an  extended  form  of  the  Dahlem-Buck  method  used  in  the  Mark  III 
program  and  has  improved  capabilities  at  the  lower  Mach  numbers.  The 
method  uses  ar.  empirical  relationship  that  ipproximates  tangent-cone 
pressures  at  low  Impact  angles  and  approaches  Newtonian  values  at  the 
high  impact  angles.  This  method  is  particularly  useful  for  highly 
swept  shapes  when  it  is  desired  to  use  one  pressure  method  over  the 
entire  surface  of  the  vehicle.  The  comparison  of  the  Modified  Dahlem- 
Buck  method  and  other  techniques  is  shown  in  Figures  A-l  through  A-8. 

SHOCK  EXPANSION  METHOD  (Strip  Theory) 

The  shock  expansion  method  (which  in  its  simplest  form  was  first 
suggested  by  Epstein  in  Reference  10)  considers  only  the  first  family 
of  characteristics  for  calculation  of  the  surface  pressures.  The  method 
uses  the  oblique  shock  relationships  at  the  nose  (an  attached  shock  is 
required)  and  then  proceeds  aft  on  the  vehicle  with  either  a  Prandtl- 


Meyer  expansion  or  another  oblique  shock.  Cooiputatlons  using  this  method 
proceed  ilong  a  strip  of  input  elements  until  the  last  element  ir.  the 
strip  is  reached.  The  shock-expansion  calculations  are  then  started 
over  again  at  the  leading  edge  element  of  the  next  strip  of  elements. 

That  is,  the  direction  of  the  shock-expansion  calculations  (and  therefore 
the  angle  between  each  element)  is  determined  only  by  he  input  geometry 
data  defining  each  strip  of  elements.  This  simple  strip  theory  approach 
should  not  be  confused  with  the  Second-Order  Shock-Expansion  Method 
provided  as  part  of  the  flow  field  calculation  capabilities  of  the 
program.  In  the  Second-Order  Shock-Expansion  Method  the  calculations 
are  made  along  lines  defined  by  cutting  planes  through  the  geo..ietty 
data  (which  in  general  do  not  pass  through  the  element  centroids  or 
even  stay  within  a  single  streamwise  strip  of  elements). 

In  the  Shock  Expansion  (strip  theory)  method  three  pressure  methods  are 
available  for  the  calculation  of  leading  edge  flow  properties.  These 
are:  (1)  tangent  wedge  (oblique  shock)  relationships,  (2)  the  tangent 
cone  technique  and  (3)  the  delta  wing  empirical  method  discussed  later 
in  this  section.  With  these  three  methods  a  wide  range  of  aerodynamic 
shapes  may  be  evaluated. 

Numerous  reports  show  that,  for  angles  of  attack  up  to  shock  detachment, 
the  application  of  the  shock  expansion  method  (with  oblique  shock  used 
for  the  calculation  of  the  leading  edge  properties)  gives  good  agreement 
with  the  aerodynamic  characteristics  of  highly  swept  or  delta  wings  in 
hypersonic  flight.  However,  for  large  sweep  angles  or  low  hypersonic 
Mach  numbers  the  angle  of  attack  for  leading  edge  detachment  becomes 
very  small  (when  considered  normal  to  the  leading  edge)  and  the  range  of 
application  is  considerably  reduced  (see  Reference  16).  Under  the 
detached  leading  edge  condition  tangent-cone  shock-expansion  gives 
reasonable  results  for  highly  swept  wings  (i.e.,  A^g  “  80°)  over 
moderate  angle  of  attack  range.  As  shown  previously  in  Figure  A-19, 
there  is  an  effect  of  sweep  at  these  high  Mach  numbers  such  that  past 
shock  detachment  empirical  techniques  would  have  to  be  utilized  to 
cover  the  complete  range  of  sweep  angles. 

An  example  of  the  use  of  shock  expansion  method  to  calculate  the  surface 
pressure  distribution  on  a  two-dimensional  airfoil  is  presented  In 
Reference  17.  The  shock  expansion  method  is  compared  with  characteristics 
solution  at  H  ■  »  and  y  •  1.4  in  Figure  A-20.  For  all  Mach  numbers  up 
to  7.5  it  was  found  that  the  results  obtained  by  the  shock-expansion 
method  were  indistinguishable  from  the  characteristics  calculations. 

For  higher  Mach  numbers  a  slightly  lower  pressure  was  predicted  by  the 
shock-expansion  procedure.  Naturally,  any  three-dimensional  effects 
will  tend  to  reduce  the  two-dimensional  characteristics  predicted  by 
the  shock-expansion  method.  However,  due  to  the  large  Mach  number,  the 
possible  regions  of  influence  at  the  tips  are  small  for  moderate  deflections. 

Application  of  the  generalized  shock-expansion  method  to  bodies  of 
revolution  is  discussed  in  Reference  18.  In  t  ls  mode  the  leading  edge 
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properties  are  calculated  l>y  a  tangent-cone  and  then  the  surface 
properties  aft  of  the  leading  edge  are  calculated  by  a  I* rand ll -Meyer 
expansion.  In  general*  the  application  of  a  two-dimensional  calculation 
technique  to  tliree-dimoar-ional  bodies  is  possible  when  the  divergence 
of  streamlines  in  planes  tangent  to  the  surface  con  be  considered 
negligible  compared  to  those  associated  with  the  curvature  oi  streamlines 
in  planes  normal  to  the  surface.  For  the  case  of  rum-inclined  bodies 
nf  revolution  which  are  curved  in  the  stroamwlse  direction,  tills 
requirement  is  staisfied  when  the  hyperonic  similarity  parameter 

k  *  M  /j  is  greater  than  one.  For  the  more  general  lifting  case  an 

additional  constraint  of  a  /  a  ,  ■  1  is  introduced.  Reierence  18 

semlvertex 

notes  that  good  correlation  of  pressure  was  obtained  when  a/a  ■  0,5  and 
fair  agreement  at  a/a  ■  1.0.  Results  from  this  reference  are  presented 
in  Figures  A-21  and  A-22,  Application  of  the  basic  shock-expansion 
technique  at  lower  values  of  tc  to  various  bodies  should  not  include 
shapes  which  have  large  lengths  of  zero  curvature  as  this  can  lead  to 
incorrect  values  with  respect  to  experiment.  The  simple  case  of  a  cone 
cylinder  is  presented  in  Figure  A-23  fo1*  an  example  of  this  error. 

The  use  of  the  shock-expansion  strip  pressure-calci lation  method  in 
the  inviacid  pressure  port  of  Che  program  places  certain  requirements 
on  the  input  geometry  data  as  mentioned  previously.  This  is  caused 
by  the  fact  that  the  program  does  not  calculate  streamlines  on  the 
surface  bur  merely  applies  the  shock-expansion  process  on  each  strip  of 
elements,  element  by  element  (the  second-order  shock-expansion  option 
in  the  Flow  Field  portion  oi  the  program  does  not  hare  this  problem). 

This  means  that  the  elements  themselves  become  the  streamline  directions 
as  far  as  the  program  is  concerned.  This  means  that  the  user  must 
decide  as  he  is  loading  the  geometry  just  where  the  streamlines  are  to 
go.  This  is  quite  acceptable  where  two-dimensional  surfaces  are  involved, 
or  for  axisynunetric  bodies  at  small  angles  of  attack.  It  is  for  these 
reasons  that  the  strip  shock-expaneion  pressure  method  should  only  be 
applied  to  these  simple  types  of  shapes  and  should  not  be  used  on  some 
complex,  completely  arbitrary  three-dimensional  shape.  For  these  more 
complex  problems  the  second-order  shock-expansion  option  of  the  Flow 
Field  portion  of  the  program  should  be  used. 

When  using  the  shock-expansion  strip  pressure  method  each  panel  of  the 
vehicle  should  be  handled  as  a  separate  individual  panel .  The 
explanation  for  this  requires  a  review  of  the  procedure  used  in  the 
shock-expansion  strip  calculations.  First,  we  know  that  a  panel  of 
the  vehicle  can  be  orientated  in  two  basic  modes  -  in  a  normal  coss- 
section  mode  with  the  first  input  column  of  elements  stretching  around 
the  vehicle  from  the  bottom  to  the  top,  or  in  a  strip  fashion  with  the 
first  input  column  of  elements  starting  at  the  front  and  running  aft  along 
the  shape.  On  the  Panel  Identification  Card  these  are  identified  by  the 
orientation  flag  as  IORN  -  0  or  -  1  respectively. 
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Next,  when  the  program  starts  to  make  the  shock-expansion  strip 
calculations  it  must  decide  which  set  of  input  elements  represent  the 
starting  point  for  the  shock-expansion  strip  process  (these  elements 
are  termed  the  panel  "leading  edge  elements").  If  the  flag  10RN  «  0, 
tnen  the  panel  is  in  the  normal  cross-section  orientation  so  the  first 
input  column  of  element'  becomes  the  starting  elements  for  the  shock- 
expansion  calculations  and  the  "rows"  of  elements  are  assumed  to  define 
the  streamline  direction.  If  the  flag  IORN  £  1,  then  the  strip  input 
method  is  used  and  the  first  element  of  each  strip  (the  first  row  of 
elements)  becomes  the  leading  edge  elements. 

It  is  important  to  note  that  the  program  will  always  start  the  shock- 
expansion  strip  calculations  with  the  "leading  edge  elements"  of  a 
panel,  even  though  these  elements  may  not  be  a  physical  surface  leading 
edge  (such  as  a  wing  leading  edge) .  This  is  the  usual  occurrence  in 
many  applications.  This  shortcoming  may  be  easily  solved  by  a  simple 
geometry  loading  technique.  The  basic  trick  is  to  make  the  leading 
elements  of  a  panel  (that  are  to  be  used  in  a  shock-expansion  strip 
mode)  have  the  same  angle  relative  to  the  flow  as  the  physical  leading 
edge  does.  A  simple  example  of  this  is  the  flat  lower  surface  of  a  re¬ 
entry  vehicle  where  the  flow  expands  from  the  forward  ramp  to  the  aft 
flat  surface.  For  this  case  let  us  assume  that  on  the  forward  ramp  wf 
are  using  oblique-shock  pressures  (tangent  wedge),  but  that  we  wish  to 
use  the  shock-expansion  strip  method  for  the  turn  at  the  corner  between 
the  forward  ramp  and  the  aft  flat  surface.  In  this  case  we  would  take 
a  very  narrow  column  of  elements  in  the  forward  ramp  just  ahead  of  tl.e 
corner  and  make  this  column  the  leading  elements  for  the  aft  flat. 

A  similar  useful  trick  is  to  make  the  leading  elements  have  whatever 
shape  is  required  to  give  the  proper  starting  conditions  for  the  shock- 
expansion,  but  make  the  elements  so  small  that  they  themselves  do  not 
contribute  a  significant  amount  to  the  overall  vehicle  forces. 

FREE  MOLECULAR  FLOW 

At  very  high  altitudes  the  various  theoretical  approaches  based  on 
continuum  flow  cease  to  be  realistic.  The  criteria  associated  with  the 
onset  of  free  molecular  flow  is  the  mean  free  path  of  the  molecules.  If 
the  mean  free  path  is  everywhere  much  greater  than  the  characteristic 
vehicle  dimension,  the  flow  may  be  called  free  molecular  flow. 

The  process  of  m'"'entum  transfer  for  this  flow  model  is  a  function  of 
the  accommodation  coefficients  to  be  input  to  the  program.  These 
accomodation  coefficients  are  related  to  the  two  general  modes  by  which 
the  molecules  striking  the  body  may  be  reflected. 

The  first  model  is  called  "specular"  reflection.  In  this  flow  model  the 
molecule  is  assumed  to  strike  a  smooth  flat  surface  and  leave  with  its 
normal  velocity  component  completely  reversed  and  its  tangential 
component  unchanged.  The  accommodation  coefficients  (ft  and  fn)  are 
zero  for  specular  reflection.  The  experimental  evidence  shows  that  this 
model  is  unrealistic.  Thus,  for  practical  applications  the  results 
obtained  with  specular  reflection  should  only  be  used  for  comparison 
purposes. 


The  surface  roughness  fc  tandard  surfaces  on  actual  configurations 
is  not  "smooth"  in  the  sense  required  for  specular  reflection.  The 
second  model  notes  this  fact  and  assumes  the  molecules  which  strike 
the  surface  are  trapped  by  the  surface  and  then  re-emitted.  Any  such 
reflection  process  which  is  not  specular  is  called  a  "diffuse" 
reflection.  For  a  completely  diffuse  reflection  the  accommodation 
coefficients  (ft,  fn)  are  equal  to  1.0.  Most  of  the  experimental  data 
obtained  for  ft  is  in  the  area  of  0,8  to  1,0  and  it  is  generally  assumed 
that  fn  is  also  close  to  one. 

The  general  assumptions  made  when  calculating  the  free  molecular  flow 
for  general  shapes  are;  (1)  completely  diffuse  reflection  exists, 
and  (2)  constant  temperatu  over  a  given  vehicle  section  is  assumed. 

DELTA  WING  EMPIRICAL 

A  detailed  explanation  of  this  force  calculation  method  appears  in 
Volume  II  of  this  report.  This  method  was  derived  from  experimental 
data  of  60  to  75  degrees  sweep  deltas  at  Mach  numbers  of  6.85  and  9.6. 
Pressure  coefficients  calculated  by  this  method  are  compared  with  other 
calculation  methods  over  a  wide  Mach  number  range  in  Figures  A-l 
through  A-6.  It  should  be  noted  that  at  a  Mach  number  of  20  for  the 
low  to  moderate  angles  of  attack  the  method  approximated  Newtonian 
flow  due  to  the  high  . slues  of  M  sinfi  , 
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APPENDIX  B 


GEOMETRY  DATA  CHECKOUT 


The  preparation  of  the  input  data  to  describe  a  complex  vehicle  shape 
is  the  most  difficult  and  time  consuming  aspect  of  the  use  of  this 
program.  Once  the  geometry  data  are  prepared  many  aerodynamic  studies 
may  be  conducted  with  only  a  small  amount  of  additional  input  data 
preparation  time.  However,  all  of  this  aerodynamic  output  will  be 
useless  if  the  geometry  data  contains  input  errors.  The  importance 
of  making  a  very  thorough  checkout  of  the  input  geometry  data  cannot 
be  overemphasized.  All  too  often  the  authors  have  received  "checked- 
out"  geometry  data  decks  r'r'm  ujers ,  only  to  find  after  a  complete 
check  that  the  decks  contained  numerious  input  errors. 

The  only  complete  and  accurate  way  of  checking  out  a  complex  geometry 
deck  is  through  the  use  of  a  computer  graphics  program.  Such  a 
picture  drawing  program  is  not  a  part  of  the  present  release  of  the 
Mark  IV  program  (although  one  will  be  added  at  a  later  date).  Howe/er, 
this  will  not  hinder  anyone  since  all  users  of  the  Mark  IV  program  have 
picture  drawing  capabilities  that  where  supplied  or  developed  for  use 
with  the  old  Mark  III  program.  These  programs  can  still  be  used  to 
check  out  the  geometry  for  the  Mark  IV  program. 

Ar  interactive  graphics  CRT  system  is  by  far  the  best  way  of  checking 
out  arbitrary-body  geometry  data.  The  use  of  such  a  system  is 
illustrated  in  Figures  B-l  through  B-3.  The  important  characteristic 
of  such  a  system  s  that  the  operator  is  able  to  have  the  machine  di aw 
a  large  number  of  pictures  of  the  vehicle  and  its  components  at 
different  angles  and  with  different  scales  to  zoom  in  on  a  given  part 
of  the  shape.  As  the  operator  identifies  problem  areas  of  the  geometry 
he  can  change  angles  and  scales  to  more  clearly  define  the  input  errors. 
The  bad  points  can  then  be  fixed  and  the  pictures  again  drawn  to  verify 
the  corrections. 

Off-line  hard  copy  CRT  devices  such  as  the  SD-4060  or  FR-80,  or  line 
drawing  machines  such  as  the  CALCOM?  may  also  be  used  in  the  geometry 
checkout  process.  Since  these  devices  do  not  have  the  interaction 
capabilities  described  above,  a  larger  number  of  picture  angles  and 
scales  must  be  selected  so  that  the  batch  job  output  pictures  will 
thoroughly  explore  all  aspects  of  the  shape.  A  minimum  set  of  drawings 
is  shown  in  Figure  B-4,  In  many  cases  drawings  such  as  shown  in 
Figures  B-5  and  B-6  will  help  in  tracking  down  the  more  difficult 
input  errors. 
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Figure  B-l.  Checking  Out  Geometry  Data  with  IBM  2250  Interactive  Graphics  Device. 
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Figure  B 
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-4  (coat.)  Geometry  Checkout  Using  Off-Line  SD-4060  Program, 
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Figure  B-4  (cont.)  Geometry  Checkout  Using  Off-Line  SD-4060  Program. 
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Figure  B-4  (cont.)  Geometry  Checkout  Using  Off-Line  SD-4060  Program. 
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Figure  B-5a.Case  50  With  Input  Error 
(Normal  Front  View  Scale) 
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Figure  B-5b. Extended  Scale  Front  View  of  Case  50 
With  Input  Error 
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APPENDIX  C 
SAMPLE  PROBLEMS 

The  sample  problems  In  this  Appendix  are  presented  with  the  hope  that 
the  user  will  be  able  to  use  them  both  to  better  understand  the  capabilit 
of  the  program,  and  to  supplement  the  card-by-card  input  instructions 
so  as  to  clarify  their  meaning.  These  sample  problems  should  be  studied 
carefully  along  with  the  detailed  input  instructions  before  attempt  ?g 
a  run  on  the  program.  Each  page  of  the  listings  on  the  following  [  .res 
contains  a  header  at  the  top  to  aid  in  locating  the  card  columns  in  the 
listing.  These  first  two  header  lines  are  therefore  not  an  actual  part 
of  the  input  data  decks.  Also,  the  first  card  in  each  job  is  always  the 
Executive  Flag  Card  {see  page  11)  and  this  card  is  not  included  in  these 
sample  problem  listings.  It  should  be  added  to  the  deck  in  any  attempts 
to  run  these  problems  on  the  computer. 

Sample  Problem  it  1  (pages  215-220) 

This  is  the  same  test  case  as  was  used  in  the  User's  Manual  for  the 
Mark  Ill  program.  For  use  in  the  new  Mark  IV  program  it  has  been 
expanded  slightly  to  Illustrate  the  use  of  the  new  Shielding  Option. 

This  sample  problem  makes  use  of  the  Geometry  Option,  the  Shielding 
Option,  three  passes  into  the  Inviscid  Option,  the  Viscous  Option 
(using  the  old  Mark  III  skin  friction  option),  and  the  Summation  Option. 
This  is  one  of  the  standard  test  cases  furnished  to  all  users  of  the 
new  Mark  IV  program. 

Sample  Problem  #  2  (pages  221-222) 

This  problem  was  prepared  to  illustrate  the  use  of  the  Streamline 
Calculation  Option  together  with  the  new  Integral  Boundary  Layer  Method. 
The  options  used  include  the  Geometry  Option,  Inviscid  Pressures, 

Flow  Field  (Surface  Data  Transfer),  Streamline,  and  Viscous  (Integral 
Boundary  Layer  Option) . 

Sample  Problem  ft  3  (pages  223-225) 

This  sample  problem  illustrates  the  use  of  some  cf  the  flow  field  options. 
It  accesses  geometry  data  that  has  been  previously  calculated  and  saved 
on  the  geometry  storage  unit  on  a  different  run.  The  Flow  Field  Option 
is  used  to  generate  the  flow  field  for  the  vehicle  wing.  This  flow 
field  is  then  used  in  calculating  the  vehicle  characteristics  at  three 
a-8  conditions. 

Sample  Problem  #  4  (page  226) 

This  problem  illustrates  how  the  Second-Order  Shock-Expansion  Flow  Field 
can  be  used  in  the  calculation  of  body  Inviscid  Pressures.  The  geometry 
data  are  assumed  to  be  already  stored  cn  the  geometry  storage  unit  4  on 
a  previous  run. 
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Sample  Problem  if  5  (pages  227-232) 

This  problem  illustrates  some  of  the  other  capabilities  of  the  Flow 
Field  Option  of  the  program  for  a  wing-body  combination.  After  reading 
in  the  gecmetry  data,  flow  field  properties  are  calculated  for  five 
different  meridian  angles.  The  Inviscid  Pressure  Option  is  then  used 
to  calculate  the  forces  with  and  without  interference  using  only  one 
of  the  pri  /iously  calculated  meridian  at.gle  sets  of  data. 

Sample  Problem  6  (pages  233-256) 

This  sample  problem  is  quite  complex  but  illustrates  the  inherent, 
flexibility  of  the  program  and  some  options  which  have  not  been 
presented  in  the  previous  examples.  The  configuration  to  be  evaluated 
is  the  wind  tunnel  model  of  NASA  TND-5885.  The  model  characteristics 
for  a  body+wing  and  a  body+wing+vertical  fin  are  evaluated  for  Mach  *  6.85 
and  a  *■  6.86°.  The  first  step  is  the  loading  of  the  geometry  data  onto 
unit  IOUT.  This  includes  the  inviscid  geometry  (panels  1  through  26) , 
the  body  alone  skin  friction  geometry  (panels  27,  28,  29),  the  body+wing 
skin  friction  geometry  (panels  27,  28,  30,  31),  and  the  body+wing+vertical 
fin  skin  friction  geometry  (panels  27,  28,  30,  31,  32,  33).  After  the 
geometry  has  been  loaded  the  vehicle  aerodynamic  characteristics  are 
evaluated  in  the  following  steps: 

1.  Body  flow  fields  for  wing  and  vertical  tail  are  generated. 

2.  Body  alone  inviscid  pressures  are  determined. 

3.  Wing  inviscid  pressures  (with  interference  flow  fields  generated 
by  body).  It  should  be  noted  that  the  body  of  this  configuration 
has  a  secondary  flow  field  (imbedded  shock  wave  behind  bow  shock) 
due  to  a  boundary  layer  diverter.  Wing  pressures  are  calculated 
with  this  taken  into  account. 

4.  Laminar  skin  friction  for  the  body+wing  configuration. 

5.  Vertical  fin  inviscid  pressures  (with  interference  flow  field 
generated  by  the  body) ,  This  includes  the  subtraction  of  the 
body  contribution  due  to  the  area  on  the  body  now  covered  by 
the  vertical  fin.  This  is  accomplished  by  using  a  negative 
reference  area  (Sref ) .  The  base  drag  due  to  the  blunt  trailing 
edge  of  the  vertical  fin  is  also  calculated. 

6.  Laminar  skin  friction  for  the  vertical  fin.  This  also  includes 
a  correction  for  the  wetted  area  covered  on  the  body  by  the 
vertical  fin  by  use  of  a  negative  Sref. 

7.  Turbulent  skin  friction  for  body+wing. 

8.  Turbulent  skin  friction  for  vertical  fin  with  the  correction 
for  area  covered  by  vertical  fin  (see  step  6  above). 

9.  Summation  of  aerodynamic  characteristics. 

a.  Body  alone  (to  be  used  with  wing),  inviscid. 

b.  Body  +  wfng  inviscid  (with  interference). 

c.  Body  +  wing  (with  interference)  inviscid  +  laminar  skin 
friction. 
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d.  Body  +  wing  +  vertical  fin  (with  interference)  inviscid. 

e.  Body  +  wing  +  vertical  fin  (with  interference)  inviscid  + 

laminar  skin  friction. 

f.  Body  +  wing  (with  interference)  inviscid  +  turbulent  skin 
friction. 

g.  Body  +  wing  +  vertical  fin  (with  interference)  inviscid  + 
turbulent  skin  friction. 

10.  Wing  without  interference  effects. 

11.  Summation  of  aerodynamic  characteristics. 

a.  Body  +  wing  (no  interference)  inviscid. 

b .  Body  +  wing  (no  interference)  inviscid  +  laminar  skin 

friction. 

c.  Body  +  wing  (no  interference)  +  vertical  fin  (with 
interference)  inviscid  +  laminar  skin  friction. 

d.  Body  +  wing  (no  interference)  inviscid  +  turbulent  skin 
friction. 

e.  Body  +  wing  (no  interference)  +  vertical  fin  (with 
interference)  inviscid  +  turbulent  skin  friction. 
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SAMPLE  PROBLEM  #6  (continued) 
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SAMPLE  PROBLEM  i?6  (continued) 
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SAMPLE  PROBLEM  #6  (continued) 
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SAMPLE  PROBLEM  H  (continued) 
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SAMPLE  PROBLIM  #6  (continued) 


V 


J 

<U 

7 


4 


P 


1 

a 


>ir 

— >v_ 

r 

— '  — ^ 

c  0 

<V 

rp  rP  —  tV 

••  <v 

0 

O 

O  C3 

0  c 

c 

O 

O  <3 

0  0 

fs. 

•A 

K*  PA 

ki  K* 

0) 

0  c  o  0 

w  O 

IT 

m 

a  a  a:  a 

*  a  cl  a: 

(C  <E 

« 

rv 

ULl  UJ  AJ  fu 

rv  rv 

K> 

fp 

<  4  «<  « 

4  4  rw 

K  fA 

nj 

rA 

MMK'ir 

M.  mim  n 

Kl  pn  r«*  fA 

0 

rv 

-J  -4  -I  -* 

-J  -J  AJ  rsa 

ft  a  n  m 

c 

■p  Ml  *P  Ml 

fA 

"A  Kl 

•*. 

0  C  C  C 

c  0 

«e  0 

X 

n 

Pi  p-p 

^  pi 

IT 

0 

•M 

-A 

a 

0 

0 

s 

0  0  0  A 

0  0  O*^ 

0 

0  c 

0  C 

4  0 

0 

0  0 

0  0 

0 

0 

0  0 

ftiftc  0 

« 

0 

0  0 

-  »7  3  c 

«s 

c  c 

IT  IT  C  C 

>6 

0 

0 

0  0 

«  -  c  0 

IT 

0 

O0OC 

0  0  C  c 

a  7  cc 

0 

• 

*  •  a-  r»- 

a-  r*p  •  • 

0  0  •  • 

Kl 

c 

(\J  A  •  • 

•  •  c  0 

«  ■  c  C 

<V 

1  1 

p*i 

•— 

«-■  •■* 

P-*  — 

IP  O 

0 

0  0 

0  0 

0 

0 

0  0 

0  0 

C 

0 

0  0 

0  0 

a- 

€3 

IT  0 

Ki  CO 

0  0 

x 

O 

O 

0  0  CJ 

rv  0  0 

IT 

O 

0  ©  X 

000c 

<000 

• 

•  *  rj  -h 

0  •  •  * 

•  •  •  • 

K 

O 

0  0  •  * 

*  c  C  0 

0  0  0  0 

rvi 

•-« 

(TPC  ^ 

0  0C  — 

0  — 

a  0 

O 

C'  0  9  0 

0  0OO 

G  O 

a 

e 

—  -  x  x 

-C  X  G  C. 

c  c 

c 

0 

^  U  rv  AJ 

rv  rv  0  0 

0  0 

0 

0  0  —  — 

—  —-co 

0  C  G  0 

>0 

0 

0  0  O  O 

0  0  0  0 

30  X  O  O 

IP 

0 

■  w  •  • 

•  •GO 

•  •  0  c 

a 

• 

OOOO 

O  O  ■  • 

fp  A-  •  • 

•a 

ftft  Al^ 

A.  rv  —  — 

—  ^p  — 

aj 

• 

1  t  ■  ■ 

•  •  •  1 

flit 

—• 

rv.  —  aj  — 

—  —  rv.  »- 

rv  —  rv  — 

O 

0  0 

O  G 

0 

O 

0  0 

ftft  c  C 

O 

0  0 

—  —  0  0 

O 

O  G 

IP  IP  c  0 

<6 

e 

—  OO 

Pi  -(  0  0 

IT 

0 

IT  * 

ft  c  c  0 

CC  oc 

0 

0 

O  O  fA  C 

p~  rv  0  0 

—  —  0  0 

*n 

• 

r-N  0  a 

IT  IT  «  • 

•  •  •  • 

fU 

c 

*  •  •  • 

•  •CO 

-  *i  C  c 

•  • 

0 

0  0 

0  0 

0 

0  c 

0  0 

C 

0  0 

0  0 

0 

0  0 

A- 

0  0 

0  0 

0 

0  0 

i/>  0 

Kl  OO 

0  0 

0 

O  X  A- 

0  00 

rv  0  0 

0 

0 

0  0  9^- 

7  0  0  0 

4>  0  0  0 

f* 

• 

<V  •  AJ  — 

0  •  •  • 

<M 

0 

-  O  •  * 

*  ©  0  0 

0  0  0  0 

— 

9  0 

0  -• 

0  — 

9 

0 

0  i> 

G  O 

0  0 

0 

X  X 

O  O 

0  0 

c  *- 

<V  rv 

<  c  c 

— 

G  O 

c  0 

^  Ji  ■f 

0  O  ©  O 

0 

C  0  C-  G 

m 

0  0 

0  0  0  C*  c 

tact 

0 

ClUlCP 

<? 

O  w 

0  •  •  •  • 

•  •  0  0 

0 

0  •  •  0  0 

K> 

■  «v 

cc  ocr  9 

00  •  •  rv 

0  r-  r-  •  • 

AJ 

— •  0 

—  AJ  AJ  —  — 

M  Pi  Pi  »i 

0 

*-*  —  —  •*  — 

O  ^ 

i  0 

0  V  •  1  * 

•  1*1 

0 

0  c  •  •  * 

3 


>- 


•5  1 

,rr 


\r> 

r» 


j 

UJ 

* 


o c  c  c  c  c  C  C  C  CC  C  c  c  c  o  c  c  c  C  c  c 


O  Q  oooooooooooooooooooo 
o  IT  t  -f  »\,  OH.  NM\|  O  A.Ki£  o  a;  «.■  K* 

c^^xj'qifM'Mifvj-'-.iriir'fftra'NNjoco 
®  Ci  a:  —  —  —  o-o-cro-o-ecr  00  o-  00  00 

/»/»  n/tNNN^N-S-kVBiJXdlff  0  00  — «  -• 


OOCoooOOOOOCOOOOOCCC--^ 


O  v  v  «  v  v  v  v  c  v  v  u  u  c  e  c  c  g 
owuvouuuwoc  o  o  c  o  c  v  u 
^  i\i  N  ^  o  c  o  c  o  c  o  c  c.  c  c  <r  00 
o  o  c>  o  x  -o  4  0  poooiri^i/iipoooCiTJi 

OO  OOOOOQ»<r«HrtfM«H-.f\JAj(\|^  V  A4 


-  K*  —  — ' ’  ~  Kl  -p-  p-  *-  K*  O 

C  •»«  «I  O  .7  X  <f  5»«\|^*-Or*  If  €T  *V  O  CT  ■/«  C1  G  o— • 

aa  '?  c  c  c  *-**•*» 

oc>oo«M'»A«M'»A*-A-rp**-,£  4)  i/>  »p  ^  ,p  mi  w 


QOOOAjfV'V^iJ  a  t  9  0  4 


A,  O  C  C  -cot  "CCCfCOc*-^OC  C 

■iW'V^^cccp'.frf^NM'ir®  fv  >c  it  <c  et  4 
c  »*-  r«  ^irirarKirva  r<  4:  iT  a  9  c  a  n  4  -  o 
0  <  bC  a:  *-»«»--*9tr9'cro-ffC?cc(T  c*  9  c  c 
irir/irsr»NNKr.KMt;Cc99ff9  —  — 


C  C  C  COOCCOCOCCCOCCCCCV’V 


OOOOCjOOOoOC  o  o  o  o  o  o  o 

ocoocoooococ  c  c  O  0  Q  c 
Mi\i(yn>oooooocoooocoo 

o  O  ©  C  <<«<CC001f|p/lACCC  OIT  IT 


O  O  OOOOOOw-r*r«w»'K*.^(\jnlir\|l\'V 


K>  X  H'  <\l  M1  i®  Ml 
O  O  l\l  «  9  9  O 

9  9  G  «9  tr»  vn 

C  C  C1  C  MMIM 


a-  ►-  0  r-  0  00 


0rvrv.jj9cc.cc 

®KKKN|<1MI V 


0  O  (j  C  O  ftj  ft  (\i 

f  p. 


-*  O  V/)  *  O  IP 

9  9  9  0  0  0  0 
9  O  O  0  »^KK 
*  iPvjr/Kr 


AJ  0  3  d  9  0  « 


246 


T* 


SAMPLE  PROBLEM  # 6  (continued) 
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